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DESCRIPTION 

TITLE OF INVENTION 

PLASMA PROCESSING APPARATUS, PLASMA PROCESSING METHOD, 

PROGRAM, AND MEMORY MEDIUM 

TECHNICAL FIELD 

[0001] The present invention relates to a plasma processing apparatus, a plasma 

processing method, . a program, and a memory medium

BACKGROUND ART 

[0002] PTL 1 describes a sputtering apparatus including a high-frequency 

a matching box (MB7), a vacuum container (10), a first target transformer (Tr7), 

(T5), a second target (T6), a high-frequency voltage generator (OSC5), a voltage 

amplifier (PA5), a substrate holder (21), and a motor (22).  In the sputtering 

apparatus described in Japanese Patent Laid-Open No. 2-156080, the voltages of 

the two targets (T5 and T6) are parameters that are determined by a plasma 

generation condition and the like and cannot be adjusted. 

CITATION LIST 

PATENT LITERATURE 

[0003] PTL 1: Japanese Patent Laid-Open No. 2-156080 

SUMMARY OF INVENTION 

[0004] The present invention has been made based on the above-described 

problem recognition, and provides a technique advantageous in adjusting the 

voltages of two electrodes used to generate plasma. 

[0005] According to the first aspect of the present invention, there is provided a 

plasma processing apparatus comprising an impedance matching circuit, a balun 

including a first unbalanced terminal connected to the impedance matching circuit, 

a grounded second unbalanced terminal, a first balanced terminal, and a second 

balanced terminal, a grounded vacuum container, a first electrode electrically 
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connected to the first balanced terminal, a second electrode electrically connected 

to the second balanced terminal, an adjustment reactance configured to affect a 

relationship between a first voltage applied to the first electrode and a second 

voltage applied to the second electrode, a high-frequency power supply 

configured to supply a high frequency between the first unbalanced terminal and 

the second unbalanced terminal via the impedance matching circuit, and a 

controller configured to control an impedance of the impedance matching circuit 

and a reactance of the adjustment reactance. 

[0006] According to the second aspect of the present invention, there is provided 

a plasma processing method of processing a substrate in a plasma processing 

apparatus, the plasma processing apparatus including an impedance matching 

circuit, a balun including a first unbalanced terminal connected to the impedance 

matching circuit, a grounded second unbalanced terminal, a first balanced 

terminal, and a second balanced terminal, a grounded vacuum container, a first 

electrode electrically connected to the first balanced terminal, a second electrode 

electrically connected to the second balanced terminal, an adjustment reactance 

configured to affect a relationship between a first voltage applied to the first 

electrode and a second voltage applied to the second electrode, and a high-

frequency power supply configured to supply a high frequency between the first 

unbalanced terminal and the second unbalanced terminal via the impedance 

matching circuit, and the plasma processing method comprising a matching step 

of controlling an impedance of the impedance matching circuit such that the 

impedance matches an impedance when a side of the first electrode and the 

second electrode is viewed from a side of the first balanced terminal and the 

second balanced terminal, an adjustment step of adjusting the adjustment 

reactance to adjust the relationship, and a processing step of processing the 

substrate after the adjustment step. 
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[0007] According to the third aspect of the present invention, there is provided a 

plasma processing apparatus comprising an impedance matching circuit, a balun 

including a first unbalanced terminal connected to the impedance matching circuit, 

a grounded second unbalanced terminal, a first balanced terminal, and a second 

balanced terminal, a grounded vacuum container, a first electrode electrically 

connected to the first balanced terminal, a second electrode electrically connected 

to the second balanced terminal, an adjustment reactance configured to affect a 

relationship between a first voltage applied to the first electrode and a second 

voltage applied to the second electrode, a high-frequency power supply 

configured to supply a high frequency between the first unbalanced terminal and 

the second unbalanced terminal via the impedance matching circuit, and a 

measurement unit configured to measure a voltage of the first electrode and a 

voltage of the second electrode, wherein a reactance of the adjustment reactance is 

adjusted based on the voltage of the first electrode and the voltage of the second 

electrode, which are measured by the measurement unit. 

BRIEF DESCRIPTION OF DRAWINGS 

[0008] Fig. 1 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the first embodiment of the present invention; 

 Fig. 2A is a view showing an arrangement example of a balun; 

 Fig. 2B is a view showing another arrangement example of the balun; 

 Fig. 3 is a view for explaining the function of a balun 103; 

 Fig. 4 is a view showing the relationship between currents I1 (= I2), I2', 

and I3, ISO, and α (= X/Rp); 

 Fig. 5A is a view showing a result of simulating a plasma potential and a 

cathode potential in a case in which 1.5 ≤ X/Rp ≤ 5000 is satisfied; 

 Fig. 5B is a view showing a result of simulating a plasma potential and a 

cathode potential in a case in which 1.5 ≤ X/Rp ≤ 5000 is satisfied; 
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 Fig. 5C is a view showing a result of simulating a plasma potential and a 

cathode potential in a case in which 1.5 ≤ X/Rp ≤ 5000 is satisfied; 

 Fig. 5D is a view showing a result of simulating a plasma potential and a 

cathode potential in a case in which 1.5 ≤ X/Rp ≤ 5000 is satisfied; 

 Fig. 6A is a view showing a result of simulating a plasma potential and a 

cathode potential in a case in which 1.5 ≤ X/Rp ≤ 5000 is not satisfied; 

 Fig. 6B is a view showing a result of simulating a plasma potential and a 

cathode potential in a case in which 1.5 ≤ X/Rp ≤ 5000 is not satisfied; 

 Fig. 6C is a view showing a result of simulating a plasma potential and a 

cathode potential in a case in which 1.5 ≤ X/Rp ≤ 5000 is not satisfied; 

 Fig. 6D is a view showing a result of simulating a plasma potential and a 

cathode potential in a case in which 1.5 ≤ X/Rp ≤ 5000 is not satisfied; 

 Fig. 7 is a view showing a method of confirming Rp – jXp: 

 Fig. 8 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the second embodiment of the present 

invention; 

 Fig. 9 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the third embodiment of the present 

invention; 

 Fig. 10 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the fourth embodiment of the present 

invention; 

 Fig. 11 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the fifth embodiment of the present invention; 

 Fig. 12 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the sixth embodiment of the present 

invention; 
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 Fig. 13 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the seventh embodiment of the present 

invention; 

 Fig. 14 is a view for explaining the function of a balun according to the 

seventh embodiment of the present invention; 

 Fig. 15A is a view showing a result of simulating a plasma potential and 

two cathode potentials in a case in which 1.5 ≤ X/Rp ≤ 5000 is satisfied; 

 Fig. 15B is a view showing a result of simulating a plasma potential and 

two cathode potentials in a case in which 1.5 ≤ X/Rp ≤ 5000 is satisfied; 

 Fig. 15C is a view showing a result of simulating a plasma potential and 

two cathode potentials in a case in which 1.5 ≤ X/Rp ≤ 5000 is satisfied; 

 Fig. 15D is a view showing a result of simulating a plasma potential and 

two cathode potentials in a case in which 1.5 ≤ X/Rp ≤ 5000 is satisfied; 

 Fig. 16A is a view showing a result of simulating a plasma potential and 

two cathode potentials in a case in which 1.5 ≤ X/Rp ≤ 5000 is not satisfied; 

 Fig. 16B is a view showing a result of simulating a plasma potential and 

two cathode potentials in a case in which 1.5 ≤ X/Rp ≤ 5000 is not satisfied; 

 Fig. 16C is a view showing a result of simulating a plasma potential and 

two cathode potentials in a case in which 1.5 ≤ X/Rp ≤ 5000 is not satisfied; 

 Fig. 16D is a view showing a result of simulating a plasma potential and 

two cathode potentials in a case in which 1.5 ≤ X/Rp ≤ 5000 is not satisfied; 

 Fig. 17 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the eighth embodiment of the present 

invention; 

 Fig. 18 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the ninth embodiment of the present 

invention; 
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 Fig. 19 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 10th embodiment of the present 

invention; 

 Fig. 20 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 11th embodiment of the present 

invention; 

 Fig. 21 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 12th embodiment of the present 

invention; 

 Fig. 22 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 13th embodiment of the present 

invention; 

 Fig. 23 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 14th embodiment of the present 

invention; 

 Fig. 24 is a view for explaining the function of the plasma processing 

apparatus 1 according to the ninth embodiment of the present invention; 

 Fig. 25 is a view for explaining the function of the plasma processing 

apparatus 1 according to the ninth embodiment of the present invention; 

 Fig. 26 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 15th embodiment of the present 

invention; 

 Fig. 27 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 16th embodiment of the present 

invention; 

 Fig. 28 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 17th embodiment of the present 
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invention; 

 Fig. 29 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 18th embodiment of the present 

invention; 

 Fig. 30 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 19th embodiment of the present 

invention; 

 Fig. 31 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 20th embodiment of the present 

invention; 

 Fig. 32 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 21st embodiment of the present invention; 

 Fig. 33 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 23rd embodiment of the present 

invention; 

 Fig. 34 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 24th embodiment of the present 

invention; 

 Fig. 35 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 25th embodiment of the present 

invention; 

 Fig. 36 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 26th embodiment of the present 

invention; 

 Fig. 37 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 27th embodiment of the present 

invention; 
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 Fig. 38 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 28th embodiment of the present 

invention; 

 Fig. 39 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 29th embodiment of the present 

invention; 

 Fig. 40 is a flowchart showing the operation of the plasma processing 

apparatus 1 according to the 23rd embodiment of the present invention; 

 Fig. 41 is a view showing the relationship between a reactance and the 

voltages of a first electrode and a second electrode; 

 Fig. 42 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 30th embodiment of the present 

invention; 

 Fig. 43 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 31st embodiment of the present invention; 

 Fig. 44 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 32nd embodiment of the present 

invention; 

 Fig. 45 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 33th embodiment of the present 

invention; 

 Fig. 46 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 34th embodiment of the present 

invention; 

 Fig. 47 is a view showing the normalized thickness distribution of a film 

formed on a substrate in a case in which the frequency of a high frequency 

generated by a high-frequency power supply is set to 12.56 MHz; 
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 Fig. 48 is a view showing the voltage (first voltage) of a first electrode 

and the voltage (second voltage) of a second electrode in a case in which the 

frequency of a high frequency generated by a high-frequency power supply is 

changed; 

 Fig. 49 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 35th embodiment of the present 

invention; 

 Fig. 50 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 36th embodiment of the present 

invention; 

 Fig. 51 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 37th embodiment of the present 

invention; 

 Fig. 52 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 38th embodiment of the present 

invention; 

 Fig. 53 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 39th embodiment of the present 

invention; 

 Fig. 54 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 41st embodiment of the present invention; 

 Fig. 55 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 42nd embodiment of the present 

invention; 

 Fig. 56 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 43rd embodiment of the present 

invention; 
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 Fig. 57 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 44th embodiment of the present 

invention; 

 Fig. 58 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 45th embodiment of the present 

invention; 

 Fig. 59 is a view showing the relationship between the frequency of a 

high frequency generated by a high-frequency power supply and the voltages of a 

first electrode and a second electrode; 

 Fig. 60 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 46th embodiment of the present 

invention; and 

 Fig. 61 is a view schematically showing the arrangement of a plasma 

processing apparatus 1 according to the 47th embodiment of the present invention. 

DESCRIPTION OF EMBODIMENTS 

[0009] The present invention will now be described by way of exemplary 

embodiments with reference to the accompanying drawings. 

[0010] Fig. 1 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the first embodiment of the present invention.  The 

plasma processing apparatus according to the first embodiment can operate as a 

sputtering apparatus for forming a film on a substrate 112 by sputtering.  The 

plasma processing apparatus 1 includes a balun (balanced/unbalanced conversion 

circuit) 103, a vacuum container 110, a first electrode 106, and a second electrode 

111.  Alternatively, it may be understood that the plasma processing apparatus 1 

includes the balun 103 and a main body 10, and the main body 10 includes the 

vacuum container 110, the first electrode 106, and the second electrode 111.  The 

main body 10 includes a first terminal 251 and a second terminal 252.  The first 
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electrode 106 may be arranged to separate a vacuum space and an external space 

in cooperation with the vacuum container 110 (that is, form a part of a vacuum 

partition), or may be arranged in the vacuum container 110.  The second 

electrode 111 may be arranged to separate a vacuum space and an external space 

in cooperation with the vacuum container 110 (that is, form a part of a vacuum 

partition), or may be arranged in the vacuum container 110. 

[0011] The balun 103 includes a first unbalanced terminal 201, a second 

unbalanced terminal 202, a first balanced terminal 211, and a second balanced 

terminal 212.  An unbalanced circuit is connected to the side of the first 

unbalanced terminal 201 and the second unbalanced terminal 202 of the balun 103, 

and a balanced circuit is connected to the side of the first balanced terminal 211 

and the second balanced terminal 212 of the balun 103.  The vacuum container 

110 is made of a conductor and grounded. 

[0012] In the first embodiment, the first electrode 106 is a cathode and holds a 

target 109.  The target 109 can be, for example, an insulating material or a 

conductive material.  In the first embodiment, the second electrode 111 is an 

anode and holds the substrate 112.  The plasma processing apparatus 1 according 

to the first embodiment can operate as a sputtering apparatus for forming a film on 

the substrate 112 by sputtering of the target 109.  The first electrode 106 is 

electrically connected to the first balanced terminal 211, and the second electrode 

111 is electrically connected to the second balanced terminal 212.  That the first 

electrode 106 and the first balanced terminal 211 are electrically connected means 

that a current path is formed between the first electrode 106 and the first balanced 

terminal 211 such that a current flows between the first electrode 106 and the first 

balanced terminal 211.  Similarly, in this specification, that a and b are 

electrically connected means that a current path is formed between a and b such 

that a current flows between a and b. 
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[0013] The above-described arrangement can also be understood as an 

arrangement in which the first electrode 106 is electrically connected to the first 

terminal 251, the second electrode 111 is electrically connected to the second 

terminal 252, the first terminal 251 is electrically connected to the first balanced 

terminal 211, and the second terminal 252 is electrically connected to the second 

balanced terminal 212. 

[0014] In the first embodiment, the first electrode 106 and the first balanced 

terminal 211 (first terminal 251) are electrically connected via a blocking 

capacitor 104.  The blocking capacitor 104 blocks a DC current between the first 

balanced terminal 211 and the first electrode 106 (or between the first balanced 

terminal 211 and the second balanced terminal 212).  Instead of providing the 

blocking capacitor 104, an impedance matching circuit 102 to be described later 

may be configured to block a DC current flowing between the first unbalanced 

terminal 201 and the second unbalanced terminal 202.  The first electrode 106 

can be supported by the vacuum container 110 via an insulator 107.  The second 

electrode 111 can be supported by the vacuum container 110 via an insulator 108.  

Alternatively, the insulator 108 can be arranged between the second electrode 111 

and the vacuum container 110.
 

[0015] The plasma processing apparatus 1 can further include a high-frequency 

power supply 101, and the impedance matching circuit 102 arranged between the 

high-frequency power supply 101 and the balun 103.  The high-frequency power 

supply 101 supplies a high frequency (a high-frequency current, a high-frequency 

voltage, or a high-frequency power) between the first unbalanced terminal 201 

and the second unbalanced terminal 202 of the balun 103 via the impedance 

matching circuit 102.  In other words, the high-frequency power supply 101 

supplies a high frequency (a high-frequency current, a high-frequency voltage, or 

a high-frequency power) between the first electrode 106 and the second electrode 
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111 via the impedance matching circuit 102, the balun 103, and the blocking 

capacitor 104.  Alternatively, it can be understood that the high-frequency power 

supply 101 supplies a high frequency between the first terminal 251 and the 

second terminal 252 of the main body 10 via the impedance matching circuit 102 

and the balun 103. 

[0016] A gas (for example, Ar, Kr, or Xe gas) is supplied to the internal space of 

the vacuum container 110 via a gas supply unit (not shown) provided on the 

vacuum container 110.  In addition, the high-frequency power supply 101 

supplies a high frequency between the first electrode 106 and the second electrode 

111 via the impedance matching circuit 102, the balun 103, and the blocking 

capacitor 104.  Accordingly, plasma is generated between the first electrode 106 

and the second electrode 111, a self-bias voltage is generated on the surface of the 

target 109, ions in the plasma collide against the surface of the target 109, and 

particles of the material of the target 109 are emitted from the target 109.  A film 

is formed on the substrate 112 by the particles. 

[0017] Fig. 2A shows an arrangement example of the balun 103.  The balun 

103 shown in Fig. 2A includes a first coil 221 that connects the first unbalanced 

terminal 201 and the first balanced terminal 211, and a second coil 222 that 

connects the second unbalanced terminal 202 and the second balanced terminal 

212.  The first coil 221 and the second coil 222 are coils of the same number of 

windings and share an iron core. 

[0018] Fig. 2B shows another arrangement example of the balun 103.  The 

balun 103 shown in Fig. 2B includes the first coil 221 that connects the first 

unbalanced terminal 201 and the  211, and the second coil first balanced terminal

222 that connects the second unbalanced terminal 202 and the second balanced 

terminal 212.  The first coil 221 and the second coil 222 are coils of the same 

number of windings and share an iron core.  The balun 103 shown in Fig. 2B 
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further include a third coil 223 and a fourth coil 224, which are connected 

between the first balanced terminal 211 and the second balanced terminal 212.  

The third coil 223 and the fourth coil 224 are configured to set the voltage of a 

connection node 213 between the third coil 223 and the fourth coil 224 to the 

middle point between the voltage of the first balanced terminal 211 and the 

voltage of the second balanced terminal 212.  The third coil 223 and the fourth 

coil 224 are coils of the same number of windings and share an iron core.  The 

connection node 213 may be grounded, connected to the vacuum container 110, or 

set in a floating state. 

[0019] The function of the balun 103 will be described with reference to Fig. 3.  

Let I1 be a current flowing to the first unbalanced terminal 201, I2 be a current 

flowing to the first balanced terminal 211, I2' be a current flowing to the second 

unbalanced terminal 202, and I3 be a current flowing to ground in the current I2.  

If I3 = 0, that is, the current does not flow to ground on the side of the balanced 

circuit, the isolation performance of the balanced circuit to ground is best.  If I3 

= I2, that is, the current I2 flowing to the first balanced terminal 211 wholly flows 

to ground, the isolation performance of the balanced circuit to ground is poorest.  

An index ISO representing the degree of isolation performance can be given by 

the following expression.  Under this definition, when the absolute value of the 

value of ISO is large, the isolation performance is high. 

[0020] ISO [dB] = 20 log(I3/I2') 

 In Fig. 3, Rp – jXp represents an impedance (including the reactance of 

the blocking capacitor 104) when the side of the first electrode 106 and the second 

electrode 111 (the side of the main body 10) is viewed from the side of the first 

balanced terminal 211 and the second balanced terminal 212 in a state in which 

plasma is generated in the internal space of the vacuum container 110.  Rp 

represents a resistance component, and -Xp represents a reactance component.  
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Additionally, in Fig. 3, X represents the reactance component (inductance 

component) of the impedance of the first coil 221 of the balun 103.  ISO has 

correlation with X/Rp. 

[0021] Fig. 4 shows the relationship between the currents I1 (= I2), I2', and I3, 

ISO, and α(= X/Rp).  The present inventor found that the arrangement that 

supplies a high frequency from the high-frequency power supply 101 between the 

first electrode 106 and the second electrode 111 via the balun 103, particularly, 

satisfying 1.5 ≤ X/Rp ≤ 5000 in the arrangement is advantageous in making the 

potential (plasma potential) of plasma formed in the internal space of the vacuum 

container 110 (the space between the first electrode 106 and the second electrode 

111) insensitive to the state of the inner surface of the vacuum container 110.  

Here, that the plasma potential is insensitive to the state of the inner surface of the 

vacuum container 110 means that the plasma potential can be stabilized even if 

the plasma processing apparatus 1 is used for a long time.  1.5 ≤ X/Rp ≤ 5000 

corresponds to -10.0 dB ≥ ISO ≥ -80 dB. 

[0022] Figs. 5A to 5D show results of simulating the plasma potential and the 

potential (cathode potential) of the first electrode 106 in a case in which 1.5 ≤ 

X/Rp ≤ 5000 is satisfied.  Fig. 5A shows the plasma potential and the cathode 

potential in a state in which no film is formed on the inner surface of the vacuum 

container 110.  Fig. 5B shows the plasma potential and the cathode potential in a 

state in which a resistive film (1,000 Ω) is formed on the inner surface of the 

vacuum container 110.  Fig. 5C shows the plasma potential and the cathode 

potential in a state in which an inductive film (0.6 µH) is formed on the inner 

surface of the vacuum container 110.  Fig. 5D shows the plasma potential and 

the cathode potential in a state in which a capacitive film (0.1 nF) is formed on the 

inner surface of the vacuum container 110.  It can be understood from Figs. 5A 

to 5D that satisfying 1.5 ≤ X/Rp ≤ 5000 is advantageous in stabilizing the plasma 
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potential in various states of the inner surface of the vacuum container 110. 

[0023] Figs. 6A to 6D show results of simulating the plasma potential and the 

potential (cathode potential) of the first electrode 106 in a case in which 1.5 ≤ 

X/Rp ≤ 5000 is not satisfied.  Fig. 6A shows the plasma potential and the 

cathode potential in a state in which no film is formed on the inner surface of the 

vacuum container 110.  Fig. 6B shows the plasma potential and the cathode 

potential in a state in which a resistive film (1,000 Ω) is formed on the inner 

surface of the vacuum container 110.  Fig. 6C shows the plasma potential and the 

cathode potential in a state in which an inductive film (0.6 µH) is formed on the 

inner surface of the vacuum container 110.  Fig. 6D shows the plasma potential 

and the cathode potential in a state in which a capacitive film (0.1 nF) is formed 

on the inner surface of the vacuum container 110.  It can be understood from 

Figs. 6A to 6D that if 1.5 ≤ X/Rp ≤ 5000 is not satisfied, the plasma potential can 

change depending on the state of the inner surface of the vacuum container 110. 

[0024] The plasma potential readily changes depending on the state of the inner 

surface of the vacuum container 110 in both a case in which X/Rp > 5000 (for 

example, X/Rp = ∞) and a case in which X/Rp < 1.5 (for example, X/Rp = 1.0, 

X/Rp = 0.5).  If X/Rp > 5000, in a state in which no film is formed on the inner 

surface of the vacuum container 110, discharge occurs only between the first 

electrode 106 and the second electrode 111.  However, if X/Rp > 5000, when a 

film starts being formed on the inner surface of the vacuum container 110, the 

plasma potential sensitively reacts to this, and a result as shown in Fig. 6A to 6D 

is obtained.  On the other hand, if X/Rp < 1.5, the current flowing to ground via 

the vacuum container 110 is large.  For this reason, the influence of the state of 

the inner surface of the vacuum container 110 (the electrical characteristic of the 

film formed on the inner surface) is conspicuous, and the plasma potential 

changes depending on the formation of a film.  Hence, it is advantageous that the 
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plasma processing apparatus 1 is configured such that 1.5 ≤ X/Rp ≤ 5000 is 

satisfied, as described above. 

[0025] A method of deciding Rp – jXp (the value needed to be actually known is 

only Rp) will be exemplified with reference to Fig. 7.  First, the balun 103 is 

detached from the plasma processing apparatus 1, and an output terminal 230 of 

the impedance matching circuit 102 is connected to the first terminal 251 

(blocking capacitor 104) of the main body 10.  In addition, the second terminal 

252 (second electrode 111) of the main body 10 is grounded.  In this state, a high 

frequency is supplied from the high-frequency power supply 101 to the first 

terminal 251 of the main body 10 via the impedance matching circuit 102.  In the 

example shown in Fig. 7, the impedance matching circuit 102 is equivalently 

formed by coils L1 and L2 and variable capacitors VC1 and VC2.  Plasma can 

be generated by adjusting the capacitive values of the variable capacitors VC1 and 

VC2.  In a state in which the plasma is stable, the impedance of the impedance 

matching circuit 102 matches the impedance Rp – jXp on the side of the main 

body 10 (the side of the first electrode 106 and the second electrode 111) when 

plasma is generated.  The impedance of the impedance matching circuit 102 at 

this time is Rp + jXp. 

[0026] Hence, Rp – jXp (the value needed to be actually known is only Rp) can 

be obtained based on the impedance Rp + jXp of the impedance matching circuit 

102 when the impedances match.  Rp – jXp can also be obtained by simulations 

based on, for example, design data. 

[0027] Based on Rp obtained in this way, X/Rp can be specified.  For example, 

a reactance component (inductance component) X of the impedance of the first 

coil 221 of the balun 103 can be decided based on Rp such that 1.5 ≤ X/Rp ≤ 5000 

is satisfied. 

[0028] Fig. 8 schematically shows the arrangement of a plasma processing 
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apparatus 1 according to the second embodiment of the present invention.  The 

plasma processing apparatus 1 according to the second embodiment can operate 

as an etching apparatus for etching a substrate 112.  In the second embodiment, a 

first electrode 106 is a cathode and holds the substrate 112.  In the second 

embodiment, a second electrode 111 is an anode.  In the plasma processing 

apparatus 1 according to the second embodiment, the first electrode 106 and a first 

 211 are electrically connected via a blocking capacitor 104.  In balanced terminal

other words, in the plasma processing apparatus 1 according to the second 

embodiment, the blocking capacitor 104 is arranged in the electrical connection 

path between the first electrode 106 and the first balanced terminal 211. 

[0029] Fig. 9 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the third embodiment of the present invention.  The 

plasma processing apparatus 1 according to the third embodiment is a 

modification of the plasma processing apparatus 1 according to the first 

embodiment, and further includes at least one of a mechanism configured to move 

a second electrode 111 up and down and a mechanism configured to rotate the 

second electrode 111.  In the example shown in Fig. 9, the plasma processing 

apparatus 1 includes a driving mechanism 114 including both the mechanism 

configured to move the second electrode 111 up and down and the mechanism 

configured to rotate the second electrode 111.  A bellows 113 that forms a 

vacuum partition can be provided between a vacuum container 110 and the 

driving mechanism 114. 

[0030] Similarly, the plasma processing apparatus 1 according to the second 

embodiment can further include at least one of a mechanism configured to move 

the first electrode 106 up and down and a mechanism configured to rotate the 

second electrode 106. 

[0031] Fig. 10 schematically shows the arrangement of a plasma processing 



03378WO/P218-0979WO 

 

 

- 19 - 

apparatus 1 according to the fourth embodiment of the present invention.  The 

plasma processing apparatus according to the fourth embodiment can operate as a 

sputtering apparatus for forming a film on a substrate 112 by sputtering.  Matters 

that are not mentioned as the plasma processing apparatus 1 according to the 

fourth embodiment can comply with the first to third embodiments.  The plasma 

processing apparatus 1 includes a first balun 103, a second balun 303, a vacuum 

container 110, a first electrode 106 and a second electrode 135 which form a first 

set, and a first electrode 141 and a second electrode 145 which form a second set.  

Alternatively, it may be understood that the plasma processing apparatus 1 

includes the first balun 103, the second balun 303, and a  10, and the main body

 10 includes the vacuum container 110, the first electrode 106 and the main body

second electrode 135 which form the first set, and the first electrode 141 and the 

second electrode 145 which form the second set.  The main body 10 includes a 

first terminal 251, a second terminal 252, a third terminal 451, and a fourth 

terminal 452. 

[0032] The first balun 103 includes a first unbalanced terminal 201, a second 

unbalanced terminal 202, a first balanced terminal 211, and a second balanced 

terminal 212.  An unbalanced circuit is connected to the side of the first 

unbalanced terminal 201 and the second unbalanced terminal 202 of the first 

balun 103, and a balanced circuit is connected to the side of the first balanced 

terminal 211 and the second balanced terminal 212 of the first balun 103.  The 

second balun 303 can have an arrangement similar to the first balun 103.  The 

second balun 303 includes a first unbalanced terminal 401, a second unbalanced 

terminal 402, a first balanced terminal 411, and a second balanced terminal 412.  

An unbalanced circuit is connected to the side of the first unbalanced terminal 401 

and the second unbalanced terminal 402 of the second balun 303, and a balanced 

circuit is connected to the side of the  411 and the second first balanced terminal
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balanced terminal 412 of the second balun 303.  The vacuum container 110 is 

grounded. 

[0033] The first electrode 106 of the first set holds a target 109.  The target 109 

can be, for example, an insulating material or a conductive material.  The second 

electrode 135 of the first set is arranged around the first electrode 106.  The first 

electrode 106 of the first set is electrically connected to the first balanced terminal 

211 of the first balun 103, and the second electrode 135 of the first set is 

electrically connected to the second balanced terminal 212 of the first balun 103.  

The first electrode 141 of the second set holds the substrate 112.  The second 

electrode 145 of the second set is arranged around the first electrode 141.  The 

first electrode 141 of the second set is electrically connected to the first balanced 

terminal 411 of the second balun 303, and the second electrode 145 of the second 

set is electrically connected to the second balanced terminal 412 of the second 

balun 303. 

[0034] The above-described arrangement can be understood as an arrangement 

in which the first electrode 106 of the first set is electrically connected to the first 

terminal 251, the second electrode 135 of the first set is electrically connected to 

the second terminal 252, the first terminal 251 is electrically connected to the first 

balanced terminal 211 of the first balun 103, and the second terminal 252 is 

electrically connected to the second balanced terminal 212 of the first balun 103.  

Additionally, the above-described arrangement can be understood as an 

arrangement in which the first electrode 141 of the second set is electrically 

connected to the third terminal 451, the second electrode 145 of the second set is 

electrically connected to the fourth terminal 452, the third terminal 451 is 

electrically connected to the first balanced terminal 411 of the second balun 303, 

and the fourth terminal 452 is electrically connected to the second balanced 

terminal 412 of the second balun 303. 
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[0035] The first electrode 106 of the first set and the first balanced terminal 211 

(first terminal 251) of the first balun 103 can electrically be connected via a 

blocking capacitor 104.  The blocking capacitor 104 blocks a DC current 

between the  211 of the first balun 103 and the first first balanced terminal

electrode 106 of the first set (or between the  211 and the first balanced terminal

second balanced terminal 212 of the first balun 103).  Instead of providing the 

blocking capacitor 104, a first impedance matching circuit 102 may be configured 

to block a DC current flowing between the first unbalanced terminal 201 and the 

second unbalanced terminal 202 of the first balun 103.  The first electrode 106 

and the second electrode 135 of the first set can be supported by the vacuum 

container 110 via an insulator 132. 

[0036] The first electrode 141 of the second set and the first balanced terminal 

411 (third terminal 451) of the second balun 303 can electrically be connected via 

a blocking capacitor 304.  The blocking capacitor 304 blocks a DC current 

between the  411 of the second balun 303 and the first first balanced terminal

electrode 141 of the second set (or between the  411 and the first balanced terminal

second balanced terminal 412 of the second balun 303).  Instead of providing the 

blocking capacitor 304, a second impedance matching circuit 302 may be 

configured to block a DC current flowing between the first unbalanced terminal 

201 and the second unbalanced terminal 202 of the second balun 303.  The first 

electrode 141 and the second electrode 145 of the second set can be supported by 

the vacuum container 110 via an insulator 142. 

[0037] The plasma processing apparatus 1 can include a first high-frequency 

, and the first impedance matching circuit 102 arranged between power supply 101

the  and the first balun 103.  The first high-frequency power supply 101 first 

 supplies a high frequency between the first high-frequency power supply 101

unbalanced terminal 201 and the second unbalanced terminal 202 of the first 
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balun 103 via the first impedance matching circuit 102.  In other words, the first 

 supplies a high frequency between the first high-frequency power supply 101

electrode 106 and the second electrode 135 via the first impedance matching 

circuit 102, the first balun 103, and the blocking capacitor 104.  Alternatively, 

the  supplies a high frequency between the first high-frequency power supply 101

first terminal 251 and the second terminal 252 of the  10 via the first main body

impedance matching circuit 102 and the first balun 103.  The first balun 103 and 

the first electrode 106 and the second electrode 135 of the first set form a first 

high-frequency supply unit configured to supply a high frequency to the internal 

space of the vacuum container 110. 

[0038] The plasma processing apparatus 1 can include a second high-frequency 

power supply 301, and the second impedance matching circuit 302 arranged 

between the second high-frequency power supply 301 and the second balun 303.  

The second  supplies a high frequency between high-frequency power supply 301

the first unbalanced terminal 401 and the second unbalanced terminal 402 of the 

second balun 303 via the second impedance matching circuit 302.  In other 

words, the second high-frequency power supply 301 supplies a high frequency 

between the first electrode 141 and the second electrode 145 of the second set via 

the second impedance matching circuit 302, the second balun 303, and the 

blocking capacitor 304.  Alternatively, the second high-frequency power supply 

301 supplies a high frequency between the third terminal 451 and the fourth  

terminal 452 of the  10 via the second impedance matching circuit 302 main body

and the second balun 303.  The second balun 303 and the first electrode 141 and 

the second electrode 145 of the second set form a high-frequency supply second 

unit configured to supply a high frequency to the internal space of the vacuum 

container 110. 

[0039] Let Rp1 - jXp1 be an impedance when the side of the first electrode 106 
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and the second electrode 135 of the first set (the side of the main body 10) is 

viewed from the side of the first balanced terminal 211 and the second balanced 

terminal 212 of the first balun 103 in a state in which plasma is generated in the 

internal space of the vacuum container 110 by supply of a high frequency from 

the first high-frequency power supply 101.  In addition, let X1 be the reactance 

component (inductance component) of the impedance of a first coil 221 of the 

first balun 103.  In this definition, satisfying 1.5 ≤ X1/Rp1 ≤ 5000 is 

advantageous in stabilizing the potential of plasma formed in the internal space of 

the vacuum container 110. 

[0040] Additionally, let Rp2 – jXp2 be an impedance when the side of the first 

electrode 141 and the second electrode 145 of the second set (the side of the main 

body 10) is viewed from the side of the first balanced terminal 411 and the second 

balanced terminal 412 of the second balun 303 in a state in which plasma is 

generated in the internal space of the vacuum container 110 by supply of a high 

frequency from the second high-frequency power supply 301.  In addition, let X2 

be the reactance component (inductance component) of the impedance of the first 

coil 221 of the second balun 303.  In this definition, satisfying 1.5 ≤ X2/Rp2 ≤ 

5000 is advantageous in stabilizing the potential of plasma formed in the internal 

space of the vacuum container 110. 

[0041] Fig. 11 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the fifth embodiment of the present invention.  The 

plasma processing apparatus 1 according to the fifth embodiment has an 

arrangement in which driving mechanisms 114 and 314 are added to the plasma 

processing apparatus 1 according to the fourth embodiment.  The driving 

mechanism 114 can include at least one of a mechanism configured to move a 

first electrode 141 up and down and a mechanism configured to rotate the first 

electrode 141.  The driving mechanism 314 can include a mechanism configured 
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to move a second electrode 145 up and down. 

[0042] Fig. 12 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the sixth embodiment of the present invention.  The 

plasma processing apparatus according to the sixth embodiment can operate as a 

sputtering apparatus for forming a film on a substrate 112 by sputtering.  Matters 

that are not mentioned as the sixth embodiment can comply with the first to fifth 

embodiments.  The plasma processing apparatus 1 according to the sixth 

embodiment includes a plurality of first high-frequency supply units and at least 

one high-frequency supply unit.  One of the plurality of first high-second 

frequency supply units can include a first electrode 106a, a second electrode 135a, 

and a first balun 103a.  The other of the plurality of first high-frequency supply 

units can include a first electrode 106b, a second electrode 135b, and a first balun 

103b.  An example in which the plurality of first high-frequency supply units 

include two high-frequency supply units will be described here.  The two high-

frequency supply units and constituent elements associated with these will be 

discriminated from each other by suffixes a and b.  Similarly, two targets will 

also be discriminated from each other by suffixes a and b. 

[0043] In another viewpoint, the plasma processing apparatus 1 includes the 

plurality of first baluns 103a and 103b, a second balun 303, a vacuum container 

110, the first electrode 106a and the second electrode 135a, the first electrode 

106b and the second electrode 135b, a first electrode 141, and a second electrode 

145.  Alternatively, it may be understood that the plasma processing apparatus 1 

includes the plurality of first baluns 103a and 103b, the second balun 303, and a 

main body 10, and the main body 10 includes the vacuum container 110, the first 

electrode 106a and the second electrode 135a, the first electrode 106b and the 

second electrode 135b, the first electrode 141, and the second electrode 145.  

The main body 10 includes first terminals 251a and 251b, second terminals 252a 
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and 252b, a third terminal 451 and a fourth terminal 452. 

[0044] The first balun 103a includes a first unbalanced terminal 201a, a second 

unbalanced terminal 202a, a first balanced terminal 211a, and a second balanced 

terminal 212a.  An unbalanced circuit is connected to the side of the first 

unbalanced terminal 201a and the second unbalanced terminal 202a of the first 

balun 103a, and a balanced circuit is connected to the side of the first balanced 

 211a and the second balanced terminal 212a of the first balun 103a.  terminal

The first balun 103b includes a first unbalanced terminal 201b, a second 

unbalanced terminal 202b, a first balanced terminal 211b, and a second balanced 

terminal 212b.  An unbalanced circuit is connected to the side of the first 

unbalanced terminal 201b and the second unbalanced terminal 202b of the first 

balun 103b, and a balanced circuit is connected to the side of the first balanced 

 211b and the second balanced terminal 212b of the first balun 103b. terminal

[0045] The second balun 303 can have an arrangement similar to the first baluns 

103a and 103b.  The second balun 303 includes a first unbalanced terminal 401, 

a second unbalanced terminal 402, a first balanced terminal 411, and a second 

balanced terminal 412.  An unbalanced circuit is connected to the side of the first 

unbalanced terminal 401 and the second unbalanced terminal 402 of the second 

balun 303, and a balanced circuit is connected to the side of the first balanced 

 411 and the second balanced terminal 412 of the second balun 303.  The terminal

vacuum container 110 is grounded. 

[0046] The first electrodes 106a and 106b hold targets 109a and 109b, 

respectively.  The targets 109a and 109b can be, for example, an insulating 

material or a conductive material.  The second electrodes 135a and 135b are 

arranged around the first electrodes 106a and 106b, respectively.  The first 

electrodes 106a and 106b are electrically connected to the  first balanced terminals

211a and 211b of the first baluns 103a and 103b, respectively, and the second 
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electrodes 135a and 135b are electrically connected to the second balanced 

terminals 212a and 212b of the first baluns 103a and 103b, respectively. 

[0047] The first electrode 141 holds the substrate 112.  The second electrode 

145 is arranged around the first electrode 141.  The first electrode 141 is 

electrically connected to the first balanced terminal 411 of the second balun 303, 

and the second electrode 145 is electrically connected to the second balanced 

terminal 412 of the second balun 303. 

[0048] The above-described arrangement can be understood as an arrangement 

in which the first electrodes 106a and 106b are electrically connected to the first 

terminals 251a and 251b, respectively, the second electrodes 135a and 135b are 

electrically connected to the second terminals 252a and 252b, respectively, the 

first terminals 251a and 251b are electrically connected to the first balanced 

 211a and 111b of the first baluns 103a and 103b, respectively, and the terminals

second terminals 252a and 252b are electrically connected to the second balanced 

terminals 212a and 212b of the first baluns 103a and 103b, respectively.  

Additionally, the above-described arrangement can be understood as an 

arrangement in which the first electrode 141 is electrically connected to the third 

terminal 451, the second electrode 145 is electrically connected to the fourth 

terminal 452, the third terminal 451 is electrically connected to the first balanced 

terminal 411 of the second balun 303, and the fourth terminal 452 is electrically 

connected to the second balanced terminal 412 of the second balun 303. 

[0049] The first electrodes 106a and 106b and the first balanced terminals 211a 

and 211b (first terminals 251a and 251b) of the first baluns 103a and 103b can  

electrically be connected via blocking capacitors 104a and 104b, respectively.  

The blocking capacitors 104a and 104b block a DC current between the first 

balanced terminals 211a and 211b of the first baluns 103a and 103b and the first 

electrodes 106a and 106b (or between the first balanced terminals 211a and 211b 
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and the second balanced terminals 212a and 212b of the first baluns 103a and 

103b).  Instead of providing the blocking capacitors 104a and 104b, first 

impedance matching circuits 102a and 102b may be configured to block a DC 

current flowing between the first unbalanced terminals 201a and 201b and the 

second unbalanced terminals 202a and 202b of the first baluns 103a and 103b.  

Alternatively, the blocking capacitors 104a and 104b may be arranged between 

the second electrodes 135a and 135b and the second balanced terminals 212a and 

212b (second terminals 252a and 252b) of the first baluns 103a and 103b.  The 

first electrodes 106a and 106b and the second electrodes 135a and 135b can be 

supported by the vacuum container 110 via insulators 132a and 132b, respectively. 

[0050] The first electrode 141 and the first balanced terminal 411 (third terminal 

451) of the second balun 303 can electrically be connected via a blocking 

capacitor 304.  The blocking capacitor 304 blocks a DC current between the first 

 411 of the second balun 303 and the first electrode 141 (or balanced terminal

between the  411 and the second balanced terminal 412 of first balanced terminal

the second balun 303).  Instead of providing the blocking capacitor 304, a second 

impedance matching circuit 302 may be configured to block a DC current flowing 

between the first unbalanced terminal 201 and the second unbalanced terminal 

202 of the second balun 303.  Alternatively, the blocking capacitor 304 may be 

arranged between the second electrode 145 and the second balanced terminal 412 

(fourth terminal 452) of the second balun 303.  The first electrode 141 and the 

second electrode 145 can be supported by the vacuum container 110 via an 

insulator 142. 

[0051] The plasma processing apparatus 1 can include a plurality of first high-

frequency power supplies 101a and 101b, and the first impedance matching  

circuits 102a and 102b arranged between the plurality of first high-frequency 

power supplies 101a and 101b and the plurality of first baluns 103a and 103b,   
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respectively.  The first high-frequency power supplies 101a and 101b supply a   

high frequency between the first unbalanced terminals 201a and 201b and the 

second unbalanced terminals 202a and 202b of the first baluns 103a and 103b via 

the first impedance matching circuits 102a and 102b, respectively.  In other 

words, the first high-frequency power supplies 101a and 101b supply a high   

frequency between the first electrodes 106a and 106b and the second electrodes 

135a and 135b via the first impedance matching circuits 102a and 102b, the first 

baluns 103a and 103b, and the blocking capacitors 104a and 104b, respectively.  

Alternatively, the first high-frequency power supplies 101a and 101b a   supply 

high frequency between the first terminals 251a and 251b and the second 

terminals 252a and 252b of the  10 via the first impedance matching main body

circuits 102a and 102b and the first baluns 103a and 103b. 

[0052] The plasma processing apparatus 1 can include a second high-frequency 

 301, and the second impedance matching circuit 302 arranged power supply

between the second  301 and the second balun 303.  high-frequency power supply

The second  supplies a high frequency between high-frequency power supply 301

the first unbalanced terminal 401 and the second unbalanced terminal 402 of the 

second balun 303 via the second impedance matching circuit 302.  In other 

words, the second high-frequency power supply 301 supplies a high frequency 

between the first electrode 141 and the second electrode 145 via the second 

impedance matching circuit 302, the second balun 303, and the blocking capacitor 

304.  Alternatively, the second high-frequency power supply 301 supplies a high  

frequency between the third terminal 451 and the fourth terminal 452 of the main 

 10 via the second impedance matching circuit 302 and the second balun 303. body

[0053] Fig. 13 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the seventh embodiment of the present invention.  The 

plasma processing apparatus 1 according to the seventh embodiment can operate 
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as a sputtering apparatus for forming a film on a substrate 112 by sputtering.  

Matters that are not mentioned as the plasma processing apparatus 1 according to 

the seventh embodiment can comply with the first to sixth embodiments.  The 

plasma processing apparatus 1 includes a first balun 103, a second balun 303, a 

vacuum container 110, a first electrode 105a and a second electrode 105b which 

form a first set, and a first electrode 141 and a second electrode 145 which form a 

second set.  Alternatively, it may be understood that the plasma processing 

apparatus 1 includes the first balun 103, the second balun 303, and a  main body

10, and the  10 includes the vacuum container 110, the first electrode main body

105a and the second electrode 105b which form the first set, and the first 

electrode 141 and the second electrode 145 which form the second set.  The 

 10 includes a first terminal 251, a second terminal 252, a third terminal main body

451, and a fourth terminal 452. 

[0054] The first balun 103 includes a first unbalanced terminal 201, a second 

unbalanced terminal 202, a  211, and a second balanced first balanced terminal

terminal 212.  An unbalanced circuit is connected to the side of the first 

unbalanced terminal 201 and the second unbalanced terminal 202 of the first 

balun 103, and a balanced circuit is connected to the side of the first balanced 

 211 and the second balanced terminal 212 of the first balun 103.  The terminal

second balun 303 can have an arrangement similar to the first balun 103.  The 

second balun 303 includes a first unbalanced terminal 401, a second unbalanced 

terminal 402, a first balanced terminal 411, and a second balanced terminal 412.  

An unbalanced circuit is connected to the side of the first unbalanced terminal 401 

and the second unbalanced terminal 402 of the second balun 303, and a balanced 

circuit is connected to the side of the  411 and the second first balanced terminal

balanced terminal 412 of the second balun 303.  The vacuum container 110 is 

grounded. 
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[0055] The first electrode 105a of the first set holds a first target 109a, and faces 

the space on the side of the substrate 112 via the first target 109a.  The second 

electrode 105b of the first set is arranged adjacent to the first electrode 105a, 

holds a second target 109b, and faces the space on the side of the substrate 112 via 

the second target 109b.  The targets 109a and 109b can be, for example, an 

insulating material or a conductive material.  The first electrode 105a of the first 

set is electrically connected to the  211 of the first balun first balanced terminal

103, and the second electrode 105b of the first set is electrically connected to the 

second balanced terminal 212 of the first balun 103. 

[0056] The first electrode 141 of the second set holds the substrate 112.  The 

second electrode 145 of the second set is arranged around the first electrode 141.  

The first electrode 141 of the second set is electrically connected to the first 

balanced terminal 411 of the second balun 303, and the second electrode 145 of 

the second set is electrically connected to the second balanced terminal 412 of the 

second balun 303. 

[0057] The above-described arrangement can be understood as an arrangement 

in which the first electrode 105a of the first set is electrically connected to the first 

terminal 251, the second electrode 105b of the first set is electrically connected to 

the second terminal 252, the first terminal 251 is electrically connected to the first 

 211 of the first balun 103, and the second terminal 252 is balanced terminal

electrically connected to the second balanced terminal 212 of the first balun 103.  

Additionally, the above-described arrangement can be understood as an 

arrangement in which the first electrode 141 of the second set is electrically 

connected to the third terminal 451, the second electrode 145 of the second set is 

electrically connected to the fourth terminal 452, the third terminal 451 is 

electrically connected to the first balanced terminal 411 of the second balun 303, 

and the fourth terminal 452 is electrically connected to the second balanced 
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terminal 412 of the second balun 303. 

[0058] The first electrode 105a of the first set and the  211 first balanced terminal

(first terminal 251) of the first balun 103 can electrically be connected via a 

blocking capacitor 104a.  The blocking capacitor 104a blocks a DC current 

between the  211 of the first balun 103 and the first first balanced terminal

electrode 105a of the first set (or between the  211 and the first balanced terminal

second balanced terminal 212 of the first balun 103).  The second electrode 105b 

of the first set and the second balanced terminal 212 (second terminal 252) of the 

first balun 103 can electrically be connected via a blocking capacitor 104b.  The 

blocking capacitor 104b blocks a DC current between the second balanced 

terminal 212 of the first balun 103 and the second electrode 105b of the first set 

(or between the  211 and the second balanced terminal 212 first balanced terminal

of the first balun 103).  The first electrode 105a and the second electrode 105b of 

the first set can be supported by the vacuum container 110 via insulators 132a and 

132b, respectively. 

[0059] The first electrode 141 of the second set and the first balanced terminal 

411 (third terminal 451) of the second balun 303 can electrically be connected via 

a blocking capacitor 304.  The blocking capacitor 304 blocks a DC current 

between the  411 of the second balun 303 and the first first balanced terminal

electrode 141 of the second set (or between the  411 and the first balanced terminal

second balanced terminal 412 of the second balun 303).  Instead of providing the 

blocking capacitor 304, a second impedance matching circuit 302 may be 

configured to block a DC current flowing between the first unbalanced terminal 

401 and the second unbalanced terminal 402 of the second balun 303.  The first 

electrode 141 and the second electrode 145 of the second set can be supported by 

the vacuum container 110 via insulators 142 and 146, respectively. 

[0060] The plasma processing apparatus 1 can include a first high-frequency 
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, and a first impedance matching circuit 102 arranged between power supply 101

the  and the first balun 103.  The first high-frequency power supply 101 first 

 supplies a high frequency between the first high-frequency power supply 101

electrode 105a and the second electrode 105b via the first impedance matching 

circuit 102, the first balun 103, and the blocking capacitors 104a and 104b.  

Alternatively, the  supplies a high first high-frequency power supply 101

frequency between the first terminal 251 and the second terminal 252 of the main 

 10 via the first impedance matching circuit 102 and the first balun 103.  body

The first balun 103 and the first electrode 105a and the second electrode 105b of 

the first set form a  configured to supply a high first high-frequency supply unit

frequency to the internal space of the vacuum container 110. 

[0061] The plasma processing apparatus 1 can include a second high-frequency 

 301, and the second impedance matching circuit 302 arranged power supply

between the second  301 and the second balun 303.  high-frequency power supply

The second  supplies a high frequency between high-frequency power supply 301

the first unbalanced terminal 401 and the second unbalanced terminal 402 of the 

second balun 303 via the second impedance matching circuit 302.  The second 

high-frequency power supply 301 supplies a high frequency between the first 

electrode 141 and the second electrode 145 of the second set via the second 

impedance matching circuit 302, the second balun 303, and the blocking capacitor 

304.  Alternatively, the second high-frequency power supply 301 supplies a high  

frequency between the third terminal 451 and the fourth terminal 452 of the main 

 10 via the second impedance matching circuit 302 and the second balun 303.  body

The second balun 303 and the first electrode 141 and the second electrode 145 of 

the second set form a high-frequency supply unit configured to supply a second 

high frequency to the internal space of the vacuum container 110. 

[0062] Let Rp1 - jXp1 be an impedance when the side of the first electrode 105a 
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and the second electrode 105b of the first set (the side of the  10) is main body

viewed from the side of the  211 and the second balanced first balanced terminal

terminal 212 of the first balun 103 in a state in which plasma is generated in the 

internal space of the vacuum container 110 by supply of a high frequency from 

the first  101.  In addition, let X1 be the reactance high-frequency power supply

component (inductance component) of the impedance of a first coil 221 of the 

first balun 103.  In this definition, satisfying 1.5 ≤ X1/Rp1 ≤ 5000 is 

advantageous in stabilizing the potential of plasma formed in the internal space of 

the vacuum container 110. 

[0063] Additionally, let Rp2 – jXp2 be an impedance when the side of the first 

electrode 127 and the second electrode 130 of the second set (the side of the main 

body 10) is viewed from the side of the first balanced terminal 411 and the second 

balanced terminal 412 of the second balun 303 in a state in which plasma is 

generated in the internal space of the vacuum container 110 by supply of a high 

frequency from the second high-frequency power supply 301.  In addition, let X2 

be the reactance component (inductance component) of the impedance of the first 

coil 221 of the second balun 303.  In this definition, satisfying 1.5 ≤ X2/Rp2 ≤ 

5000 is advantageous in stabilizing the potential of plasma formed in the internal 

space of the vacuum container 110. 

[0064] The plasma processing apparatus 1 according to the seventh embodiment 

can further include at least one of a mechanism configured to move the first 

electrode 141 forming the second set up and down and a mechanism configured to 

rotate the first electrode 141 forming the second set.  In the example shown in 

Fig. 13, the plasma processing apparatus 1 includes a driving mechanism 114 

including both the mechanism configured to move the first electrode 141 up and 

down and the mechanism configured to rotate the first electrode 141.  

Additionally, in the example shown in Fig. 13, the plasma processing apparatus 1 
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includes a mechanism 314 configured to move the second electrode 145 forming 

the second set up and down.  A bellows that forms a vacuum partition can be 

provided between the vacuum container 110 and each of the driving mechanisms 

114 and 314. 

[0065] The function of the first balun 103 in the plasma processing apparatus 1 

according to the seventh embodiment shown in Fig. 13 will be described with 

reference to Fig. 14.  Let I1 be a current flowing to the first unbalanced terminal 

201, I2 be a current flowing to the  211, I2' be a current first balanced terminal

flowing to the second unbalanced terminal 202, and I3 be a current flowing to 

ground in the current I2.  If I3 = 0, that is, the current does not flow to ground on 

the side of the balanced circuit, the isolation performance of the balanced circuit 

to ground is best.  If I3 = I2, that is, the current I2 flowing to the first balanced 

 211 wholly flows to ground, the isolation performance of the balanced terminal

circuit to ground is poorest.  An index ISO representing the degree of isolation 

performance can be given by the following expression, as in the first to fifth 

embodiments.  Under this definition, when the absolute value of the value of ISO 

is large, the isolation performance is high. 

[0066] ISO [dB] = 20 log(I3/I2') 

 In Fig. 14, Rp – jXp (= Rp/2 - jXp/2 + Rp/2 - jXp/2) represents an 

impedance (including the reactance of the blocking capacitors 104a and 104b) 

when the side of the first electrode 105a and the second electrode 105b (the side 

of the  10) is viewed from the side of the  211 main body first balanced terminal

and the second balanced terminal 212 in a state in which plasma is generated in 

the internal space of the vacuum container 110.  Rp represents a resistance 

component, and -Xp represents a reactance component.  Additionally, in Fig. 14, 

X represents the reactance component (inductance component) of the impedance 

of the first coil 221 of the first balun 103.  ISO has correlation with X/Rp. 
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[0067] Fig. 4 referred to in the description of the first embodiment shows the 

relationship between the currents I1 (= I2), I2', and I3, ISO, and α(= X/Rp).  The 

relationship shown in Fig. 4 holds in the seventh embodiment as well.  The 

present inventor found that, in the seventh embodiment as well, satisfying 1.5 ≤ 

X/Rp ≤ 5000 is advantageous in making the potential (plasma potential) of plasma 

formed in the internal space of the vacuum container 110 (the space between the 

first electrode 105a and the second electrode 105b) insensitive to the state of the 

inner surface of the vacuum container 110.  Here, that the plasma potential is 

insensitive to the state of the inner surface of the vacuum container 110 means 

that the plasma potential can be stabilized even if the plasma processing apparatus 

1 is used for a long time.  1.5 ≤ X/Rp ≤ 5000 corresponds to -10.0 dB ≥ ISO ≥ -

80 dB. 

[0068] Figs. 15A to 15D show results of simulating the plasma potential, the 

potential (cathode 1 potential) of the first electrode 105a, and the potential 

(cathode 2 potential) of the second electrode 105b in a case in which 1.5 ≤ X/Rp ≤ 

5000 is satisfied.  Fig. 15A shows the plasma potential, the potential (cathode 1 

potential) of the first electrode 105a, and the potential (cathode 2 potential) of the 

second electrode 105b in a state in which a resistive film (1 mΩ) is formed on the 

inner surface of the vacuum container 110.  Fig. 15B shows the plasma potential, 

the potential (cathode 1 potential) of the first electrode 105a, and the potential 

(cathode 2 potential) of the second electrode 105b in a state in which a resistive 

film (1,000 Ω) is formed on the inner surface of the vacuum container 110.  Fig. 

15C shows the plasma potential, the potential (cathode 1 potential) of the first 

electrode 105a, and the potential (cathode 2 potential) of the second electrode 

105b in a state in which an inductive film (0.6 µH) is formed on the inner surface 

of the vacuum container 110.  Fig. 15D shows the plasma potential, the potential 

(cathode 1 potential) of the first electrode 105a, and the potential (cathode 2 
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potential) of the second electrode 105b in a state in which a capacitive film (0.1 

nF) is formed on the inner surface of the vacuum container 110.  It can be 

understood from Figs. 15A to 15D that satisfying 1.5 ≤ X/Rp ≤ 5000 is 

advantageous in stabilizing the plasma potential in various states of the inner 

surface of the vacuum container 110. 

[0069] Figs. 16A to 16D show results of simulating the plasma potential, the 

potential (cathode 1 potential) of the first electrode 105a, and the potential 

(cathode 2 potential) of the second electrode 105b in a case in which 1.5 ≤ X/Rp ≤ 

5000 is not satisfied.  Fig. 16A shows the plasma potential, the potential (cathode 

1 potential) of the first electrode 105a, and the potential (cathode 2 potential) of 

the second electrode 105b in a state in which a resistive film (1 mΩ) is formed on 

the inner surface of the vacuum container 110.  Fig. 16B shows the plasma 

potential, the potential (cathode 1 potential) of the first electrode 105a, and the 

potential (cathode 2 potential) of the second electrode 105b in a state in which a 

resistive film (1,000 Ω) is formed on the inner surface of the vacuum container 

110.  Fig. 16C shows the plasma potential, the potential (cathode 1 potential) of 

the first electrode 105a, and the potential (cathode 2 potential) of the second 

electrode 105b in a state in which an inductive film (0.6 µH) is formed on the 

inner surface of the vacuum container 110.  Fig. 16D shows the plasma potential, 

the potential (cathode 1 potential) of the first electrode 105a, and the potential 

(cathode 2 potential) of the second electrode 105b in a state in which a capacitive 

film (0.1 nF) is formed on the inner surface of the vacuum container 110.  It can 

be understood from Figs. 16A to 16D that if 1.5 ≤ X/Rp ≤ 5000 is not satisfied, 

the plasma potential changes depending on the state of the inner surface of the 

vacuum container 110. 

[0070] The plasma potential readily changes depending on the state of the inner 

surface of the vacuum container 110 in both a case in which X/Rp > 5000 (for 



03378WO/P218-0979WO 

 

 

- 37 - 

example, X/Rp = ∞) and a case in which X/Rp < 1.5 (for example, X/Rp = 1.16, 

X/Rp = 0.87).  If X/Rp > 5000, in a state in which no film is formed on the inner 

surface of the vacuum container 110, discharge occurs only between the first 

electrode 105a and the second electrode 105b.  However, if X/Rp > 5000, when a 

film starts being formed on the inner surface of the vacuum container 110, the 

plasma potential sensitively reacts to this, and a result as shown in Fig. 16A to 

16D is obtained.  On the other hand, if X/Rp < 1.5, the current flowing to ground 

via the vacuum container 110 is large.  For this reason, the influence of the state 

of the inner surface of the vacuum container 110 (the electrical characteristic of 

the film formed on the inner surface) is conspicuous, and the plasma potential 

changes depending on the formation of a film.  Hence, it is advantageous that the 

plasma processing apparatus 1 is configured such that 1.5 ≤ X/Rp ≤ 5000 is 

satisfied, as described above. 

[0071] Fig. 17 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the eighth embodiment of the present invention.  The 

plasma processing apparatus 1 according to the eighth embodiment can operate as 

a sputtering apparatus for forming a film on a substrate 112 by sputtering.  

Matters that are not mentioned as the plasma processing apparatus 1 according to 

the eighth embodiment can comply with the first to seventh embodiments.  The 

plasma processing apparatus 1 according to the eighth embodiment includes a 

balun (first balun) 103, a vacuum container 110, a first electrode 105a, and a 

second electrode 105b.  Alternatively, it may be understood that the plasma 

processing apparatus 1 includes the balun 103 and a  10, and the main body main 

 10 includes the vacuum container 110, the first electrode 105a, and the body

second electrode 105b.  The  10 includes a first terminal 251 and a main body

second terminal 252. 

[0072] The first electrode 105a can include a first holding surface HS1 
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configured to hold a first target 109a as a first member, and the second electrode 

105b can include a second holding surface HS2 configured to hold a second target 

109b as a second member.  The first holding surface HS1 and the second holding 

surface HS2 can belong to one plane PL. 

[0073] The plasma processing apparatus 1 according to the eighth embodiment 

can further include a second balun 303, a third electrode 141, and a fourth 

electrode 145.  In other words, the plasma processing apparatus 1 can include the 

first balun 103, the second balun 303, the vacuum container 110, the first 

electrode 105a, the second electrode 105b, the third electrode 141, and the fourth 

electrode 145.  Alternatively, it may be understood that the plasma processing 

apparatus 1 includes the first balun 103, the second balun 303, and the  main body

10, and the  10 includes the vacuum container 110, the first electrode main body

105a, the second electrode 105b, the third electrode 141, and the fourth electrode 

145.  The main body 10 includes a first terminal 251, a second terminal 252, a 

third terminal 451, and a fourth terminal 452. 

[0074] The first balun 103 includes a first unbalanced terminal 201, a second 

unbalanced terminal 202, a  211, and a second balanced first balanced terminal

terminal 212.  An unbalanced circuit is connected to the side of the first 

unbalanced terminal 201 and the second unbalanced terminal 202 of the first 

balun 103, and a balanced circuit is connected to the side of the first balanced 

 211 and the second balanced terminal 212 of the first balun 103.  The terminal

second balun 303 can have an arrangement similar to the first balun 103.  The 

second balun 303 includes a third unbalanced terminal 401, a fourth unbalanced 

terminal 402, a third balanced terminal 411, and a fourth balanced terminal 412.  

An unbalanced circuit is connected to the side of the third unbalanced terminal 

401 and the fourth unbalanced terminal 402 of the second balun 303, and a 

balanced circuit is connected to the side of the third balanced terminal 411 and the 
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fourth balanced terminal 412 of the second balun 303.  The vacuum container 

110 is grounded.  The baluns 103 and 303 can have, for example, an 

arrangement shown in Figs. 2A and 2B (Fig. 14). 

[0075] The first electrode 105a holds the first target 109a, and faces the space on 

the side of the substrate 112 as the processing target via the first target 109a.  

The second electrode 105b is arranged adjacent to the first electrode 105a, holds 

the second target 109b, and faces the space on the side of the substrate 112 as the 

processing target via the second target 109b.  The targets 109a and 109b can be, 

for example, an insulating material or a conductive material.  The first electrode 

105a is electrically connected to the  211 of the first balun first balanced terminal

103, and the second electrode 105b is electrically connected to the second 

balanced terminal 212 of the first balun 103. 

[0076] The third electrode 141 holds the substrate 112.  The fourth electrode 

145 can be arranged around the third electrode 141.  The third electrode 141 is 

electrically connected to the first balanced terminal 411 of the second balun 303, 

and the fourth electrode 145 is electrically connected to the second balanced 

terminal 412 of the second balun 303. 

[0077] The above-described arrangement can be understood as an arrangement 

in which the first electrode 105a is electrically connected to the first terminal 251, 

the second electrode 105b is electrically connected to the second terminal 252, the 

first terminal 251 is electrically connected to the  211 of the first balanced terminal

first balun 103, and the second terminal 252 is electrically connected to the second 

balanced terminal 212 of the first balun 103.  Additionally, the above-described 

arrangement can be understood as an arrangement in which the third electrode 141 

is electrically connected to the third terminal 451, the fourth electrode 145 is 

electrically connected to the fourth terminal 452, the third terminal 451 is 

electrically connected to the first balanced terminal 411 of the second balun 303, 
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and the fourth terminal 452 is electrically connected to the second balanced 

terminal 412 of the second balun 303. 

[0078] The first electrode 105a and the first balanced terminal 211 (first terminal 

251) of the first balun 103 can electrically be connected by a first path PTH1.  A 

variable reactance 511a can be arranged on the first path PTH1.  In other words, 

the first electrode 105a and the first balanced terminal 211 (first terminal 251) of 

the first balun 103 can electrically be connected via the variable reactance 511a.  

The variable reactance 511a can include a capacitor.  The capacitor can function 

as a blocking capacitor that blocks a DC current between the first balanced 

terminal 211 of the first balun 103 and the first electrode 105a (or between the 

first balanced terminal 211 and the second balanced terminal 212 of the first balun 

103).  The second electrode 105b and the second balanced terminal 212 (second 

terminal 252) of the first balun 103 can electrically be connected by a second path 

PTH2.  A variable reactance 511b can be arranged on the second path PTH2.  

In other words, the second electrode 105b and the second balanced terminal 212 

(third terminal 252) of the first balun 103 can electrically be connected via the 

variable reactance 511b.  The variable reactance 511b can include a capacitor.  

The capacitor can function as a blocking capacitor that blocks a DC current 

between the second balanced terminal 212 of the first balun 103 and the second 

electrode 105b (or between the  211 and the second first balanced terminal

balanced terminal 212 of the first balun 103).  The first electrode 105a and the 

second electrode 105b can be supported by the vacuum container 110 via 

insulators 132a and 132b, respectively. 

[0079] The plasma processing apparatus 1 can include a variable reactance 521a 

arranged between the first electrode 105a and ground.  The plasma processing 

apparatus 1 can include a variable reactance 521b arranged between the second 

electrode 105b and ground.  The plasma processing apparatus 1 can include a 
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variable reactance 530 that connects the first path PTH1 and the second path 

PTH2. 

[0080] In one arrangement example, as an adjustment reactance that affects the 

relationship between a first voltage applied to the first electrode 105a and a 

second voltage applied to the second electrode 105b, the plasma processing 

apparatus 1 includes at least one of (a) the variable reactance 511a arranged on the 

first path PTH1 that connects the first balanced terminal 211 and the first 

electrode 105a, (b) the variable reactance 521a arranged between the first 

electrode 105a and ground, (c) the variable reactance 511b arranged on the second 

path PTH2 that connects the second balanced terminal 212 and the second 

electrode 105b, (d) the variable reactance 521b arranged between the second 

electrode 105b and ground, and (e) the variable reactance 530 that connects the 

first path PTH1 and the second path PTH2. 

[0081] By adjusting the value of the adjustment reactance that affects the 

relationship between the first voltage applied to the first electrode 105a and the 

second voltage applied to the second electrode 105b, the relationship between the 

amount of sputtering of the first target 109a and the amount of sputtering of the 

second target 109b can be adjusted.  Alternatively, by adjusting the value of the 

adjustment reactance, the balance between the amount of sputtering of the first 

target 109a and the amount of sputtering of the second target 109b can be adjusted.  

This can adjust the relationship between the consumption amount of the first 

target 109a and the consumption amount of the second target 109b.  

Alternatively, this can adjust the balance between the consumption amount of the 

first target 109a and the consumption amount of the second target 109b.  This 

arrangement is advantageous in, for example, setting the exchange timing of the 

first target 109a and the exchange timing of the second target 109b to the same 

timing and reducing the downtime of the plasma processing apparatus 1.  It is 
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also possible to adjust the thickness distribution of a film formed on the substrate 

112. 

[0082] The third electrode 141 and the first balanced terminal 411 (third 

terminal 451) of the second balun 303 can electrically be connected via a blocking 

capacitor 304.  The blocking capacitor 304 blocks a DC current between the first 

 411 of the second balun 303 and the third electrode 141 (or balanced terminal

between the  411 and the second balanced terminal 412 of first balanced terminal

the second balun 303).  Instead of providing the blocking capacitor 304, a second 

impedance matching circuit 302 may be configured to block a DC current flowing 

between the first unbalanced terminal 401 and the second unbalanced terminal 

402 of the second balun 303.  The third electrode 141 and the fourth electrode 

145 can be supported by the vacuum container 110 via insulators 142 and 146, 

respectively. 

[0083] The plasma processing apparatus 1 can include a first high-frequency 

, and a first impedance matching circuit 102 arranged between power supply 101

the  and the first balun 103.  The first high-frequency power supply 101 first 

 supplies a high frequency between the first high-frequency power supply 101

electrode 105a and the second electrode 105b via the first impedance matching 

circuit 102, the first balun 103, and the first path PTH1.  Alternatively, the first 

 supplies a high frequency between the first high-frequency power supply 101

terminal 251 and the second terminal 252 of the main body 10 via the first 

impedance matching circuit 102 and the first balun 103.  The first balun 103, the 

first electrode 105a, and the second electrode 105b form a first high-frequency 

 configured to supply a high frequency to the internal space of the supply unit

vacuum container 110. 

[0084] The plasma processing apparatus 1 can include a second high-frequency 

 301, and a second impedance matching circuit 302 arranged power supply
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between the second  301 and the second balun 303.  high-frequency power supply

The second  supplies a high frequency between high-frequency power supply 301

the first unbalanced terminal 401 and the second unbalanced terminal 402 of the 

second balun 303 via the second impedance matching circuit 302.  The second 

high-frequency power supply 301 supplies a high frequency between the third 

electrode 141 and the fourth electrode 145 via the second impedance matching 

circuit 302, the second balun 303, and the blocking capacitor 304.  Alternatively, 

the second high-frequency power supply 301 supplies a high frequency between  

the third terminal 451 and the fourth terminal 452 of the  10 via the main body

second impedance matching circuit 302 and the second balun 303.  The second 

balun 303, the third electrode 141, and the fourth electrode 145 form a second 

high-frequency supply unit configured to supply a high frequency to the internal 

space of the vacuum container 110. 

[0085] Let Rp1 - jXp1 be an impedance when the side of the first electrode 105a 

and the second electrode 105b (the side of the  10) is viewed from the main body

side of the  211 and the second balanced terminal 212 of the first balanced terminal

first balun 103 in a state in which plasma is generated in the internal space of the 

vacuum container 110 by supply of a high frequency from the first high-frequency 

 101.  In addition, let X1 be the reactance component (inductance power supply

component) of the impedance of a first coil 221 of the first balun 103.  In this 

definition, satisfying 1.5 ≤ X1/Rp1 ≤ 5000 is advantageous in stabilizing the 

potential of plasma formed in the internal space of the vacuum container 110.  

However, note that satisfying the condition 1.5 ≤ X1/Rp1 ≤ 5000 is not 

indispensable but an advantageous condition in the eighth embodiment.  In the 

eighth embodiment, the balun 103 is provided, thereby making the potential of 

plasma stable as compared to a case in which the balun 103 is not provided.  

Additionally, the adjustment reactance is provided, thereby adjusting the 
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relationship between the amount of sputtering of the first target 109a and the 

amount of sputtering of the second target 109b. 

[0086] Additionally, let Rp2 – jXp2 be an impedance when the side of the third 

electrode 141 and the fourth electrode 145 (the side of the main body 10) is 

viewed from the side of the first balanced terminal 411 and the second balanced 

terminal 412 of the second balun 303 in a state in which plasma is generated in the 

internal space of the vacuum container 110 by supply of a high frequency from 

the second high-frequency power supply 301.  In addition, let X2 be the 

reactance component (inductance component) of the impedance of the first coil 

221 of the second balun 303.  In this definition, satisfying 1.5 ≤ X2/Rp2 ≤ 5000 

is advantageous in stabilizing the potential of plasma formed in the internal space 

of the vacuum container 110.  However, note that satisfying the condition 1.5 ≤ 

X/Rp2 ≤ 5000 is not indispensable but an advantageous condition in the eighth 

embodiment. 

[0087] The ninth to 14th embodiments that embody the plasma processing 

apparatus 1 according to the eighth embodiment will be described below with 

reference to Figs. 18 to 25.  Fig. 18 schematically shows the arrangement of a 

plasma processing apparatus 1 according to the ninth embodiment of the present 

invention.  Matters that are not mentioned as the ninth embodiment can comply 

with the eighth embodiment.  The plasma processing apparatus 1 according to 

the ninth embodiment includes at least one of a variable reactance 511a arranged 

on a first path PTH1, and a variable reactance 511b arranged on a second path 

PTH2.  Here, the plasma processing apparatus 1 preferably includes both the 

variable reactance 511a arranged on the first path PTH1 and the variable reactance 

511b arranged on the second path PTH2, and one of these may be a reactance with 

a fixed value. 

[0088] The first variable reactance 511a includes at least a variable inductor 
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601a, and preferably includes the variable inductor 601a and a capacitor 602a.  

The variable inductor 601a may be arranged between a first balanced terminal 211 

(first terminal 251) and the capacitor 602a, or may be arranged between the 

capacitor 602a and a first electrode 105a.  The second variable reactance 511b 

includes at least a variable inductor 601b, and preferably includes the variable 

inductor 601b and a capacitor 602b.  The variable inductor 601b may be 

arranged between a second balanced terminal 212 (second terminal 252) and the 

capacitor 602b, or may be arranged between the capacitor 602b and a second 

electrode 105b. 

[0089] Fig. 24 shows the thickness distribution of a film formed on a substrate 

112 when the value of the variable inductor 601a on the first path PTH1 and the 

variable inductor 601b on the second path PTH2 is set to 200 nH in the plasma 

processing apparatus 1 according to the ninth embodiment.  Fig. 24 also shows 

the thickness distribution of a film formed on the substrate 112 when the value of 

the variable inductor 601a on the first path PTH1 and the variable inductor 601b 

on the second path PTH2 is set to 400 nH in the plasma processing apparatus 1 

according to the ninth embodiment.  The abscissa represents a position in the 

horizontal direction (the direction parallel to the surface of the substrate 112) in 

Fig. 18, and represents the distance from the center of the substrate 112.  If the 

value of the variable inductors 601a and 601b is 400 nH, the thickness distribution 

of the film is largely different between the left side and the right side of the center 

of the substrate 112.  On the other hand, if the value of the variable inductors 

601a and 601b is 200 nH, the thickness distribution of the film has high symmetry 

on the left side and the right side of the center of the substrate 112.  A first 

voltage applied to the first electrode 105a and a second voltage applied to the 

second electrode 105b are in good balance more in the case in which the value of 

the variable inductors 601a and 601b is 200 nH than in the case in which the value 
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of the variable inductors 601a and 601b is 400 nH. 

[0090] Fig. 25 shows the voltages of the first electrode 105a and the second 

electrode 105b when the value of the variable inductor 601a on the first path 

PTH1 and the variable inductor 601b on the first path PTH1 is changed in the 

plasma processing apparatus 1 according to the ninth embodiment.  If the value 

of the variable inductors 601a and 601b is about 225 nH, the voltage applied to 

the first electrode 105a and the voltage applied to the second electrode 105b 

almost equal. 

[0091] Fig. 19 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 10th embodiment of the present invention.  Matters 

that are not mentioned as the 10th embodiment can comply with the eighth 

embodiment.  The plasma processing apparatus 1 according to the 10th 

embodiment includes at least one of a variable reactance 511a arranged on a first 

path PTH1, and a variable reactance 511b arranged on a second path PTH2.  

Here, the plasma processing apparatus 1 preferably includes both the variable 

reactance 511a arranged on the first path PTH1 and the variable reactance 511b 

arranged on the second path PTH2, and one of these may be a reactance with a 

fixed value. 

[0092] The first variable reactance 511a includes at least a variable capacitor 

604a, and preferably includes the variable capacitor 604a and an inductor 603a.  

The variable capacitor 604a may be arranged between the inductor 603a and a 

first electrode 105a, or may be arranged between a first balanced terminal 211 

(first terminal 251) and the inductor 603a.  The second variable reactance 511b 

includes at least a variable capacitor 604b, and preferably includes the variable 

capacitor 604b and an inductor 603b.  The variable capacitor 604b may be 

arranged between the inductor 603b and a second electrode 105b, or may be 

arranged between a second balanced terminal 212 (second terminal 252) and the 
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inductor 603b. 

[0093] Fig. 20 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 11th embodiment of the present invention.  Matters 

that are not mentioned as the 11th embodiment can comply with the eighth 

embodiment.  The plasma processing apparatus 1 according to the 11th 

embodiment includes at least one of a variable capacitor 605a serving as a 

variable reactance 521a arranged between a first electrode 105a and ground, and a 

variable capacitor 605b serving as a variable reactance 521b arranged between a 

second electrode 105b and ground.  The plasma processing apparatus 1 can 

further include a reactance (in this example, an inductor 603a and a capacitor 

602a) arranged on a first path PTH1, and a reactance (in this example, an inductor 

603b and a capacitor 602b) arranged on a second path PTH2. 

[0094] Fig. 21 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 12th embodiment of the present invention.  Matters 

that are not mentioned as the 12th embodiment can comply with the eighth 

embodiment.  The plasma processing apparatus 1 according to the 12th 

embodiment includes at least one of a variable reactance 521a arranged between a 

first electrode 105a and ground, and a variable reactance 521b arranged between a 

second electrode 105b and ground.  The variable reactance 521a includes at least 

a variable inductor 607a, and can include, for example, the variable inductor 607a 

and a capacitor 606a.  The variable reactance 521b includes at least a variable 

inductor 607b, and can include, for example, the variable inductor 607b and a 

capacitor 606b. 

[0095] The plasma processing apparatus 1 can further include a reactance (in 

this example, an inductor 603a and a capacitor 602a) arranged on a first path 

PTH1, and a reactance (in this example, an inductor 603b and a capacitor 602b) 

arranged on a second path PTH2. 
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[0096] Fig. 22 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 13th embodiment of the present invention.  Matters 

that are not mentioned as the 13th embodiment can comply with the eighth 

embodiment.  The plasma processing apparatus 1 according to the 13th 

embodiment includes a variable inductor 608 serving as a variable reactance 530 

that connects a first path PTH1 and a second path PTH2.  The plasma processing 

apparatus 1 can further include a reactance (in this example, an inductor 603a and 

a capacitor 602a) arranged on the first path PTH1, and a reactance (in this 

example, an inductor 603b and a capacitor 602b) arranged on the second path 

PTH2. 

[0097] Fig. 23 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 14th embodiment of the present invention.  Matters 

that are not mentioned as the 14th embodiment can comply with the eighth 

embodiment.  The plasma processing apparatus 1 according to the 14th 

embodiment includes a variable capacitor 609 serving as a variable reactance 530 

that connects a first path PTH1 and a second path PTH2.  The plasma processing 

apparatus 1 can further include a reactance (in this example, an inductor 603a and 

a capacitor 602a) arranged on the first path PTH1, and a reactance (in this 

example, an inductor 603b and a capacitor 602b) arranged on the second path 

PTH2. 

[0098] Note that in the ninth to 14th embodiments described with reference to 

Figs. 18 to 25, electrodes are arranged on the facing surfaces of targets 109a and 

109b.  However, these are not limited to the electrodes.  A cylindrical substrate 

rotation holder in a plasma apparatus of a so-called carousel type (for example, 

Japanese Patent Laid-Open Nos. 2003-155556 and 62-133065) or a rectangular 

substrate tray in a plasma apparatus of a so-called inline type (for example, 

Japanese Patent No. 5824072 and Japanese Patent Laid-Open No. 2011-144450) 
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may be arranged. 

[0099] An operation of adjusting the value of an adjustment reactance based on 

a first voltage V1 of a first electrode 105a and a second voltage V2 of a second 

electrode 105b will be described below with reference to Figs. 26 to 31.  Fig. 26 

schematically shows the arrangement of a plasma processing apparatus 1 

according to the 15th embodiment of the present invention.  The plasma 

processing apparatus 1 according to the 15th embodiment has an arrangement in 

which a controller 700 is added to the plasma processing apparatus according to 

the ninth embodiment shown in Fig. 18.  The controller 700 adjusts the value of 

an adjustment reactance based on a first voltage V1 of a first electrode 105a and a 

second voltage V2 of a second electrode 105b such that, for example, the first 

voltage V1 and the second voltage V2 become equal.  For example, based on the 

first voltage V1 of the first electrode 105a and the second voltage V2 of the 

second electrode 105b, the controller 700 generates a first instruction value CNT1 

and a second instruction value CNT2, which adjust the values of variable 

inductors 601a and 601b each serving as an adjustment reactance, respectively.  

The first instruction value CNT1 and the second instruction value CNT2 are 

supplied to the variable inductors 601a and 601b, respectively.  The variable 

inductors 601a and 601b change the inductances of their own in accordance with 

the first instruction value CNT1 and the second instruction value CNT2, 

respectively. 

[0100] Fig. 27 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 16th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 16th embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 10th embodiment shown in Fig. 19.  The controller 700 adjusts 

the value of an adjustment reactance based on a first voltage V1 of a first 
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 105a and a second voltage V2 of a second electrode 105b such that, for electrode

example, the first voltage V1 and the second voltage V2 become equal.  For 

example, based on the first voltage V1 of the  105a and the second first electrode

voltage V2 of the second electrode 105b, the controller 700 generates a first 

instruction value CNT1 and a second instruction value CNT2, which adjust the 

values of variable capacitors 604a and 604b each serving as an adjustment 

reactance, respectively.  The first instruction value CNT1 and the second 

instruction value CNT2 are supplied to the variable capacitors 604a and 604b, 

respectively.  The variable capacitors 604a and 604b change the capacitances of 

their own in accordance with the first instruction value CNT1 and the second 

instruction value CNT2, respectively. 

[0101] Fig. 28 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 17th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 17th embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 11th embodiment shown in Fig. 20.  The controller 700 adjusts 

the value of an adjustment reactance based on a first voltage V1 of a first 

 105a and a second voltage V2 of a second electrode 105b such that, for electrode

example, the first voltage V1 and the second voltage V2 become equal.  For 

example, based on the first voltage V1 of the  105a and the second first electrode

voltage V2 of the second electrode 105b, the controller 700 generates a first 

instruction value CNT1 and a second instruction value CNT2, which adjust the 

values of variable capacitors 605a and 605b each serving as an adjustment 

reactance, respectively.  The first instruction value CNT1 and the second 

instruction value CNT2 are supplied to the variable capacitors 605a and 605b, 

respectively.  The variable capacitors 605a and 605b change the capacitances of 

their own in accordance with the first instruction value CNT1 and the second 
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instruction value CNT2, respectively. 

[0102] Fig. 29 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 18th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 18th embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 12th embodiment shown in Fig. 21.  The controller 700 adjusts 

the value of an adjustment reactance based on a first voltage V1 of a first 

 105a and a second voltage V2 of a second electrode 105b such that, for electrode

example, the first voltage V1 and the second voltage V2 become equal.  For 

example, based on the first voltage V1 of the  105a and the second first electrode

voltage V2 of the second electrode 105b, the controller 700 generates a first 

instruction value CNT1 and a second instruction value CNT2 which adjust the 

values of variable inductors 607a and 607b each serving as an adjustment 

reactance, respectively.  The first instruction value CNT1 and the second 

instruction value CNT2 are supplied to the variable inductors 607a and 607b, 

respectively.  The variable inductors 607a and 607b change the inductances of 

their own in accordance with the first instruction value CNT1 and the second 

instruction value CNT2, respectively. 

[0103] Fig. 30 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 19th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 19th embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 13th embodiment shown in Fig. 22.  The controller 700 adjusts 

the value of an adjustment reactance based on a first voltage V1 of a first 

 105a and a second voltage V2 of a second electrode 105b such that, for electrode

example, the first voltage V1 and the second voltage V2 become equal.  For 

example, based on the first voltage V1 of the  105a and the second first electrode
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voltage V2 of the second electrode 105b, the controller 700 generates an 

instruction value CNT that adjusts the value of a variable inductor 608 serving as 

an adjustment reactance.  The instruction value CNT is supplied to the variable 

inductor 608.  The variable inductor 608 changes the inductance of its own in 

accordance with the instruction value. 

[0104] Fig. 31 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 20th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 20th embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 14th embodiment shown in Fig. 23.  The controller 700 adjusts 

the value of an adjustment reactance based on a first voltage V1 of a first 

 105a and a second voltage V2 of a second electrode 105b such that, for electrode

example, the first voltage V1 and the second voltage V2 become equal.  For 

example, based on the first voltage V1 of the  105a and the second first electrode

voltage V2 of the second electrode 105b, the controller 700 generates an 

instruction value CNT that adjusts the value of a variable capacitor 609 serving as 

an adjustment reactance.  The instruction value CNT is supplied to the variable 

capacitor 609.  The variable capacitor 609 changes the capacitance of its own in 

accordance with the instruction value CNT. 

[0105] Fig. 32 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 21st embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 21st embodiment can operate as 

an etching apparatus for etching substrates 112a and 112b.  The plasma 

processing apparatus 1 according to the 21st embodiment is different from the 

plasma processing apparatus 1 according to the eighth embodiment in that a first 

electrode 105a and a second electrode 105b hold the first substrate 112a and the 

second substrate 112b as etching targets, respectively, and a third electrode 141 
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does not hold a substrate, and can have an arrangement similar to the plasma 

processing apparatus 1 according to the eighth embodiment concerning the 

remaining points. 

[0106] In one arrangement example, as an adjustment reactance that affects the 

relationship between a first voltage applied to the  105a and a first electrode

second voltage applied to the second electrode 105b, the plasma processing 

apparatus 1 includes at least one of (a) a variable reactance 511a arranged on a 

first path PTH1 that connects a  211 and the  first balanced terminal first electrode

105a, (b) a variable reactance 521a arranged between the  105a and first electrode

ground, (c) a variable reactance 511b arranged on a second path PTH2 that 

connects a second balanced terminal 212 and the second electrode 105b, (d) a 

variable reactance 521b arranged between the second electrode 105b and ground, 

and (e) a variable reactance 530 that connects the first path PTH1 and the second 

path PTH2. 

[0107] By adjusting the value of the adjustment reactance that affects the 

relationship between the first voltage applied to the  105a and the first electrode

second voltage applied to the second electrode 105b, the etching amount 

distribution of the first substrate 112a and the etching amount distribution of the 

second substrate 112b can be adjusted.  Alternatively, by adjusting the value of 

the adjustment reactance that affects the relationship between the first voltage 

applied to the  105a and the second voltage applied to the second first electrode

electrode 105b, the etching amount distribution of the first substrate 112a and the 

etching amount distribution of the second substrate 112b can be made equal. 

[0108] Note that in the 15th to 20th embodiments described with reference to 

Figs. 26 to 31, electrodes are arranged on the facing surfaces of targets 109a and 

109b.  However, these are not limited to the electrodes.  A cylindrical substrate 

rotation holder in a plasma apparatus of a so-called carousel type (for example, 
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Japanese Patent Laid-Open Nos. 2003-155556 and 62-133065) or a rectangular 

substrate tray in a plasma apparatus of a so-called inline type (for example, 

Japanese Patent No. 5824072 and Japanese Patent Laid-Open No. 2011-144450) 

may be arranged. 

[0109] In the 15th to 20th embodiments described with reference to Figs. 26 to 

31, the controller 700 adjusts the value of the adjustment reactance based on the 

first voltage V1 of the first electrode 105a and the second voltage V2 of the 

second electrode 105b.  In place of this arrangement, the controller 700 may be 

configured to adjust the adjustment reactance based on a plasma intensity near the 

first electrode 105a and a plasma intensity near the second electrode 105b.  The 

plasma intensity near the first electrode 105a can be detected by, for example, a 

photoelectric conversion device.  Similarly, the plasma intensity near the second 

electrode 105b can be detected by, for example, a photoelectric conversion device.  

The controller 700 can be configured to adjust the adjustment reactance based on 

the plasma intensity near the first electrode 105a and the plasma intensity near the 

second electrode 105b such that, for example, the plasma intensity near the first 

electrode 105a and the plasma intensity near the second electrode 105b become 

equal. 

[0110] A plasma processing method according to the 22nd embodiment of the 

present invention will be described next.  The plasma processing method 

according to the 22nd embodiment processes a substrate 112 in a plasma 

processing apparatus 1 according to any one of the eighth to 21st embodiments.  

The plasma processing method can include a step of adjusting an adjustment 

reactance to adjust the relationship between a first voltage applied to a first 

electrode 105a and a second voltage applied to a second electrode 105b, and a step 

of processing the substrate 112 after the step.  The processing can include a step 

of forming a film on the substrate 112 by sputtering, or a step of etching the 



03378WO/P218-0979WO 

 

 

- 55 - 

substrate 112. 

[0111] Fig. 33 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 23rd embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 23rd embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the ninth embodiment shown in Fig. 18.  The controller 700 adjusts 

the value of an adjustment reactance based on a first voltage V1 of a first 

 105a and a second voltage V2 of a second electrode 105b such that, for electrode

example, the first voltage V1 obtains a first target value, and the second voltage 

V2 obtains a second target value.  For example, based on the first voltage V1 of 

the  105a and the second voltage V2 of the second electrode 105b, first electrode

the controller 700 generates a first instruction value CNT1 and a second 

instruction value CNT2, which adjust the values of variable inductors 601a and 

601b each serving as an adjustment reactance, respectively, such that the first 

voltage V1 obtains the first target value, and the second voltage V2 obtains the 

second target value.  Here, the first target value and the second target value may 

be values equal to each other, or may be determined such that the difference 

between the first target value and the second target value matches a target 

difference value.  The controller 700 can include a measurement unit configured 

to measure the first voltage V1 that is the voltage of the first electrode 105a and 

the second voltage V2 that is the voltage of the second electrode 105b.  

Alternatively, for such measurement, a unit may be provided separately from the 

controller 700. 

[0112] The controller 700 generates an instruction value CNT3 that controls an 

impedance matching circuit 102.  When igniting plasma, the controller 700 

controls the impedance matching circuit 102 such that the impedance matching 

circuit 102 obtains an impedance for ignition of plasma.  In addition, the 
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controller 700 changes the impedance of the impedance matching circuit 102 such 

that the plasma stabilizes after ignition of plasma.  In a state in which the plasma 

is stable, the impedance of the impedance matching circuit 102 matches an 

impedance Rp – jXp (an impedance when the side of the first electrode 105a and 

the second electrode 105b (the side of a main body 10) is viewed from the side of 

a first balanced terminal 211 and a second balanced terminal 212) on the side of 

the main body 10 when plasma is generated.  The impedance of the impedance 

matching circuit 102 at this time is Rp + jXp. 

[0113] The controller 700 can be formed by, for example, a PLD (the 

abbreviation of a Programmable Logic Device) such as an FPGA (the 

abbreviation of a Field Programmable Gate Array), an ASIC (the abbreviation of 

an Application Specific Integrated Circuit), a general-purpose or dedicated 

computer embedded with a program, or a combination of all or some of these 

components.  The program can be provided by storing it in a memory medium 

(computer-readable memory medium) or via a communication network. 

[0114] Fig. 40 shows the operation of the plasma processing apparatus 1 

according to the 23rd embodiment.  This operation can be controlled by the 

controller 700.  In step S401, the controller 700 decides the instruction value 

CNT3 such that the impedance (Rpi + jXpi) of the impedance matching circuit 

102 is set or changed to the impedance (Rpi - jXpi) for ignition of plasma, and 

supplies the instruction value CNT3 to the impedance matching circuit 102.  The 

impedance matching circuit 102 sets or changes the impedance of its own in 

accordance with the instruction value CNT3. 

[0115] After that, in step S402 (ignition step), in a state in which the impedance 

of the impedance matching circuit 102 is set to the impedance for ignition of 

plasma, the controller 700 activates (ON) a high-frequency power supply 402 to 

generate a high frequency.  The high frequency generated by the high-frequency 
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power supply 402 is supplied to the first electrode 105a and the second electrode 

105b via the impedance matching circuit 102, a balun 103, and the adjustment 

reactances (the variable inductors 601a and 601b and capacitors 602a and 602b).  

Plasma is thus ignited. 

[0116] In step S403 (matching step), the controller 700 changes the impedance 

of the impedance matching circuit 102 such that plasma stabilizes after ignition of 

plasma.  More specifically, in step S403, the controller 700 decides the 

instruction value CNT3 such that the impedance at which plasma stabilizes is set 

to the impedance matching circuit 700, and supplies the instruction value CNT3 to 

the impedance matching circuit 700.  In a state in which the plasma is stable, the 

impedance of the impedance matching circuit 102 matches the impedance Rp – 

jXp on the side of the main body 10 (the side of the first electrode 106 and the 

second electrode 111) when plasma is generated.  The impedance of the 

impedance matching circuit 102 at this time is Rp + jXp.  Note that the value Rp 

is different from Rpi, and the value Xp is different from Xpi. 

[0117] After that, in step S404, the controller 700 acquires the first voltage V1 

of the first electrode 105a and the second voltage V2 of the second electrode 105b.  

After that, in step S405 (adjustment step), based on the first voltage V1 of the first 

 105a and the second voltage V2 of the second electrode 105b, the electrode

controller 700 generates the first instruction value CNT1 and the second 

instruction value CNT2, which adjust the values of the variable inductors 601a 

and 601b each serving as a variable reactance, respectively, such that the first 

voltage V1 obtains the first target value, and the second voltage V2 obtains the 

second target value.  The first instruction value CNT1 and the second instruction 

value CNT2 are supplied to the variable inductors 601a and 601b, respectively.  

The variable inductors 601a and 601b adjust or change the inductances of their 

own in accordance with the first instruction value CNT1 and the second 
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instruction value CNT2, respectively. 

[0118] Fig. 41 shows the relationship between the reactance when the side of the 

first electrode 105a and the second electrode 105b (the side of the main body 10) 

is viewed from the side of the first balanced terminal 211 and the second balanced 

terminal 212 and the voltages of the first electrode 105a and the second electrode 

105b in a state in which plasma is generated in the internal space of a vacuum 

container 110.  This reactance corresponds to -XP described above.  As shown 

in Fig. 41, the magnitude relationship between the voltages of the first electrode 

105a and the second electrode 105b is reversed by changing the reactance of the 

adjustment reactance.  In other words, the change curves of the voltages of the 

first electrode 105a and the second electrode 105b to the change of the reactance 

exhibit characteristics crossing each other. 

[0119] The characteristics shown in Fig. 41 can be decided by, for example, 

experiments or calculations in advance.  In this case, in step S405, based on the 

characteristics, the first voltage V1 of the first electrode 105a, and the second 

voltage V2 of the second electrode 105b, the controller 700 can generate the first 

instruction value CNT1 and the second instruction value CNT2, which adjust the 

values of the variable inductors 601a and 601b, respectively, such that the first 

voltage V1 obtains the first target value, and the second voltage V2 obtains the 

second target value.  If the characteristics shown in Fig. 41 are not decided in 

advance, in step S405, the controller 700 can finely adjust the first instruction 

value CNT1 and the second instruction value CNT2 based on the first voltage V1 

of the first electrode 105a and the second voltage V2 of the second electrode 105b. 

[0120] After that, in step S407, the controller 700 acquires the first voltage V1 

of the first electrode 105a and the second voltage V2 of the second electrode 105b.  

After that, in step S408, the controller 700 determines whether the first voltage V1 

obtains the first target value, and the second voltage V2 obtains the second target 
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value.  If the first voltage V1 obtains the first target value, and the second 

voltage V2 obtains the second target value, the process advances to step S409.  

Otherwise, the process returns to step S405.  In step S409 (processing step), the 

controller 700 controls to process the substrate 112.  This control can include, for 

example, opening/closing a shutter (not shown) arranged between the target 109a 

and the substrate 112 and a shutter (not shown) arranged between the target 109b 

and the substrate 112.  The processing shown in Fig. 40 may be executed 

manually. 

[0121] Fig. 3 of Japanese Patent Laid-Open No. 2-156080 shows a sputtering 

apparatus including a high-frequency a matching box (MB7), a transformer (Tr7), 

vacuum container (10), a first target (T5), a second target (T6), a high-frequency 

voltage generator (OSC5), a voltage amplifier (PA5), a substate holder (21), and a 

motor (22).  In the sputtering apparatus described in Japanese Patent Laid-Open 

No. 2-156080, the matching boxes (MB7) arranged between the high-frequency 

transformer (Tr7) and the first target (T5) and between the high-frequency 

transformer (Tr7) and the second target (T7) have an adjustable reactance. 

[0122] However, the matching box (MB7) in the sputtering apparatus described 

in Japanese Patent Laid-Open No. 2-156080 cannot be operated like the 

adjustment reactance (variable inductors 601a and 601b) according to the above-

described 23rd embodiment.  This is because the matching box (MB7) is 

indispensable for impedance matching, and if the reactance of the matching box 

(MB7) is allowed to be freely adjusted, the matching box (MB7) cannot be used 

for impedance matching, and it is impossible to generate plasma and stabilize 

plasma. 

[0123] Here, it is understood that the plasma (P5) generated in the sputtering 

apparatus described in Japanese Patent Laid-Open No. 2-156080 has a region 

called a sheath where ions are excessive near the targets (T5 and T6) and a region 
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of bulk plasma in contact with the region.  The sheath has a negative reactance 

component, like a capacitor, and the bulk plasma has a positive reactance 

component, like an inductor.  These reactance components can depend on the 

applied power, the discharge pressure, the electrode material, and the like, which 

are conditions to generate plasma.  Hence, the reactance of plasma takes a 

positive value or a negative value, and its absolute value can also change.  Since 

the sputtering apparatus described in Japanese Patent Laid-Open No. 2-156080 

does not have an adjustment reactance as described in the 23rd embodiment, the 

relationship between the two targets (T5 and T6), in other words, the voltages of 

the two electrodes cannot be controlled. 

[0124] Fig. 34 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 24th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 24th embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

1 according to the 10th embodiment shown in Fig. 19.  Matters that are not 

mentioned as the 24th embodiment can comply with the 23rd embodiment.  The 

controller 700 adjusts the value of an adjustment reactance based on a first voltage 

V1 of a  105a and a second voltage V2 of a second electrode 105b first electrode

such that, for example, the first voltage V1 obtains a first target value, and the 

second voltage V2 obtains a second target value.  For example, based on the first 

voltage V1 of the  105a and the second voltage V2 of the second first electrode

electrode 105b, the controller 700 generates a first instruction value CNT1 and a 

second instruction value CNT2, which adjust the values of variable capacitors 

604a and 604b each serving as an adjustment reactance, respectively, such that the 

first voltage V1 obtains the first target value, and the second voltage V2 obtains 

the second target value.  The first instruction value CNT1 and the second 

instruction value CNT2 are supplied to the variable capacitors 604a and 604b, 
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respectively.  The variable capacitors 604a and 604b change the capacitances of 

their own in accordance with the first instruction value CNT1 and the second 

instruction value CNT2, respectively.  In addition, the controller 700 generates 

an instruction value CNT3 that controls an impedance matching circuit 102.  The 

controller 700 can include a measurement unit configured to measure the first 

voltage V1 that is the voltage of the first electrode 105a and the second voltage 

V2 that is the voltage of the second electrode 105b.  Alternatively, for such 

measurement, a unit may be provided separately from the controller 700. 

[0125] Fig. 35 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 25th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 25th embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 25th embodiment shown in Fig. 20.  The controller 700 adjusts 

the value of an adjustment reactance based on a first voltage V1 of a first 

 105a and a second voltage V2 of a second electrode 105b such that, for electrode

example, the first voltage V1 obtains a first target value, and the second voltage 

V2 obtains a second target value.  For example, based on the first voltage V1 of 

the  105a and the second voltage V2 of the second electrode 105b, first electrode

the controller 700 generates a first instruction value CNT1 and a second 

instruction value CNT2, which adjust the values of variable capacitors 605a and 

605b each serving as an adjustment reactance, respectively, such that the first 

voltage V1 obtains the first target value, and the second voltage V2 obtains the 

second target value.  Here, the first target value and the second target value may 

be values equal to each other, or may be determined such that the difference 

between the first target value and the second target value matches a target 

difference value.  The first instruction value CNT1 and the second instruction 

value CNT2 are supplied to the variable capacitors 605a and 605b, respectively.  
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The variable capacitors 605a and 605b change the capacitances of their own in 

accordance with the first instruction value CNT1 and the second instruction value 

CNT2, respectively.  The controller 700 can include a measurement unit 

configured to measure the first voltage V1 that is the voltage of the first electrode 

105a and the second voltage V2 that is the voltage of the second electrode 105b.  

Alternatively, for such measurement, a unit may be provided separately from the 

controller 700. 

[0126] Fig. 36 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 26th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 26th embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 12th embodiment shown in Fig. 21.  Matters that are not 

mentioned as the 26th embodiment can comply with the 23rd embodiment.  The 

controller 700 adjusts the value of an adjustment reactance based on a first voltage 

V1 of a  105a and a second voltage V2 of a second electrode 105b first electrode

such that, for example, the first voltage V1 obtains a first target value, and the 

second voltage V2 obtains a second target value.  For example, based on the first 

voltage V1 of the  105a and the second voltage V2 of the second first electrode

electrode 105b, the controller 700 generates a first instruction value CNT1 and a 

second instruction value CNT2, which adjust the values of variable inductors 607a 

and 607b each serving as an adjustment reactance, respectively, such that the first 

voltage V1 obtains the first target value, and the second voltage V2 obtains the 

second target value.  The first instruction value CNT1 and the second instruction 

value CNT2 are supplied to the variable inductors 607a and 607b, respectively.  

The variable inductors 607a and 607b change the inductances of their own in 

accordance with the first instruction value CNT1 and the second instruction value 

CNT2, respectively.  In addition, the controller 700 generates an instruction 
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value CNT3 that controls an impedance matching circuit 102.  The controller 

700 can include a measurement unit configured to measure the first voltage V1 

that is the voltage of the first electrode 105a and the second voltage V2 that is the 

voltage of the second electrode 105b.  Alternatively, for such measurement, a 

unit may be provided separately from the controller 700. 

[0127] Fig. 37 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 27th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 27th embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 13th embodiment shown in Fig. 22.  Matters that are not 

mentioned as the 27th embodiment can comply with the 23rd embodiment.  The 

controller 700 adjusts the value of an adjustment reactance based on a first voltage 

V1 of a  105a and a second voltage V2 of a second electrode 105b first electrode

such that, for example, the first voltage V1 obtains a first target value, and the 

second voltage V2 obtains a second target value.  For example, based on the first 

voltage V1 of the  105a and the second voltage V2 of the second first electrode

electrode 105b, the controller 700 generates an instruction value CNT that adjusts 

the value of a variable inductor 608 such that the first voltage V1 obtains the first 

target value, and the second voltage V2 obtains the second target value.  The 

instruction value CNT is supplied to the variable inductor 608.  The variable 

inductor 608 changes the inductance of its own in accordance with the instruction 

value.  In addition, the controller 700 generates an instruction value CNT3 that 

controls an impedance matching circuit 102.  The controller 700 can include a 

measurement unit configured to measure the first voltage V1 that is the voltage of 

the first electrode 105a and the second voltage V2 that is the voltage of the second 

electrode 105b.  Alternatively, for such measurement, a unit may be provided 

separately from the controller 700. 
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[0128] Fig. 38 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 28th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 28th embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 14th embodiment shown in Fig. 23.  Matters that are not 

mentioned as the 28th embodiment can comply with the 23rd embodiment.  The 

controller 700 adjusts the value of an adjustment reactance based on a first voltage 

V1 of a  105a and a second voltage V2 of a second electrode 105b first electrode

such that, for example, the first voltage V1 obtains a first target value, and the 

second voltage V2 obtains a second target value.  For example, based on the first 

voltage V1 of the  105a and the second voltage V2 of the second first electrode

electrode 105b, the controller 700 generates an instruction value CNT that adjusts 

the value of a variable capacitor 609 such that the first voltage V1 obtains the first 

target value, and the second voltage V2 obtains the second target value.  The 

instruction value CNT is supplied to the variable capacitor 609.  The variable 

capacitor 609 changes the capacitance of its own in accordance with the 

instruction value CNT.  In addition, the controller 700 generates an instruction 

value CNT3 that controls an impedance matching circuit 102.  The controller 

700 can include a measurement unit configured to measure the first voltage V1 

that is the voltage of the first electrode 105a and the second voltage V2 that is the 

voltage of the second electrode 105b.  Alternatively, for such measurement, a 

unit may be provided separately from the controller 700. 

[0129] Fig. 39 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 29th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 29th embodiment can operate as 

an etching apparatus for etching substrates 112a and 112b.  The plasma 

processing apparatus 1 according to the 29th embodiment can have an 
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arrangement similar to the plasma processing apparatus 1 according to the 21st 

embodiment except a controller 700.  Matters that are not mentioned as the 29th 

embodiment can comply with the 23rd embodiment. 

[0130] In one arrangement example, as an adjustment reactance that affects the 

relationship between a first voltage applied to a  105a and a second first electrode

voltage applied to a second electrode 105b, the plasma processing apparatus 1 

includes at least one of (a) a variable reactance 511a arranged on a first path PTH1 

that connects a  211 and the  105a, (b) a first balanced terminal first electrode

variable reactance 521a arranged between the  105a and ground, (c) first electrode

a variable reactance 511b arranged on a second path PTH2 that connects a second 

balanced terminal 212 and the second electrode 105b, (d) a variable reactance 

521b arranged between the second electrode 105b and ground, and (e) a variable 

reactance 530 that connects the first path PTH1 and the second path PTH2. 

[0131] By adjusting the value of the adjustment reactance that affects the 

relationship between the first voltage applied to the  105a and the first electrode

second voltage applied to the second electrode 105b, the etching amount 

distribution of the first substrate 112a and the etching amount distribution of the 

second substrate 112b can be adjusted.  Alternatively, by adjusting the value of 

the adjustment reactance that affects the relationship between the first voltage 

applied to the  105a and the second voltage applied to the second first electrode

electrode 105b, the etching amount distribution of the first substrate 112a and the 

etching amount distribution of the second substrate 112b can be made equal. 

[0132] Note that in the 23rd to 29th embodiments described with reference to 

Figs. 33 to 39, electrodes are arranged on the facing surfaces of targets 109a and 

109b.  However, these are not limited to the electrodes.  A cylindrical substrate 

rotation holder in a plasma apparatus of a so-called carousel type (for example, 

Japanese Patent Laid-Open Nos. 2003-155556 and 62-133065) or a rectangular 
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substrate tray in a plasma apparatus of a so-called inline type (for example, 

Japanese Patent No. 5824072 and Japanese Patent Laid-Open No. 2011-144450) 

may be arranged. 

[0133] In the 23rd to 29th embodiments described with reference to Figs. 33 to 

39, the controller 700 adjusts the value of the adjustment reactance based on the 

first voltage V1 of the first electrode 105a and the second voltage V2 of the 

second electrode 105b.  In place of this arrangement, the controller 700 may be 

configured to adjust the adjustment reactance based on a plasma intensity near the 

first electrode 105a and a plasma intensity near the second electrode 105b.  The 

plasma intensity near the first electrode 105a can be detected by, for example, a 

photoelectric conversion device.  Similarly, the plasma intensity near the second 

electrode 105b can be detected by, for example, a photoelectric conversion device.  

The controller 700 can be configured to adjust the value of the adjustment 

reactance based on the plasma intensity near the first electrode 105a and the 

plasma intensity near the second electrode 105b such that, for example, the 

plasma intensity near the first electrode 105a and the plasma intensity near the 

second electrode 105b become equal. 

[0134] Fig. 42 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 30th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 30th embodiment can operate as a 

sputtering apparatus for forming a film on a substrate 112 by sputtering.  Matters 

that are not mentioned as the plasma processing apparatus 1 according to the 30th 

embodiment can comply with the first to 29th embodiments.  The plasma 

processing apparatus 1 according to the 30th embodiment includes a balun (first 

balun) 103, a vacuum container 110, a first electrode 105a, and a second electrode 

105b.  Alternatively, it may be understood that the plasma processing apparatus 1 

includes the balun 103 and a  10, and the  10 includes the main body main body
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vacuum container 110, the first electrode 105a, and the second electrode 105b.  

The  10 includes a first terminal 251 and a second terminal 252. main body

[0135] The first electrode 105a can include a first holding surface HS1 

configured to hold a first target 109a as a first member, and the second electrode 

105b can include a second holding surface HS2 configured to hold a second target 

109b as a second member.  The first holding surface HS1 and the second holding 

surface HS2 can belong to one plane PL. 

[0136] The plasma processing apparatus 1 according to the 30th embodiment 

can further include a second balun 303, a third electrode 141, and a fourth 

electrode 145.  In other words, the plasma processing apparatus 1 can include the 

first balun 103, the second balun 303, the vacuum container 110, the first 

electrode 105a, the second electrode 105b, the third electrode 141, and the fourth 

electrode 145.  Alternatively, it may be understood that the plasma processing 

apparatus 1 includes the first balun 103, the second balun 303, and the  main body

10, and the  10 includes the vacuum container 110, the first electrode main body

105a, the second electrode 105b, the third electrode 141, and the fourth electrode 

145.  The main body 10 includes a first terminal 251, a second terminal 252, a 

third terminal 451, and a fourth terminal 452. 

[0137] The first balun 103 includes a first unbalanced terminal 201, a second 

unbalanced terminal 202, a  211, and a second balanced first balanced terminal

terminal 212.  An unbalanced circuit is connected to the side of the first 

unbalanced terminal 201 and the second unbalanced terminal 202 of the first 

balun 103, and a balanced circuit is connected to the side of the first balanced 

 211 and the second balanced terminal 212 of the first balun 103.  The terminal

second balun 303 can have an arrangement similar to the first balun 103.  The 

second balun 303 includes a third unbalanced terminal 401, a fourth unbalanced 

terminal 402, a third balanced terminal 411, and a fourth balanced terminal 412.  
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An unbalanced circuit is connected to the side of the third unbalanced terminal 

401 and the fourth unbalanced terminal 402 of the second balun 303, and a 

balanced circuit is connected to the side of the third balanced terminal 411 and the 

fourth balanced terminal 412 of the second balun 303.  The vacuum container 

110 is grounded.  The baluns 103 and 303 can have, for example, an 

arrangement shown in Figs. 2A and 2B (Fig. 14). 

[0138] The first electrode 105a holds the first target 109a, and faces the space on 

the side of the substrate 112 as the processing target via the first target 109a.  

The second electrode 105b is arranged adjacent to the first electrode 105a, holds 

the second target 109b, and faces the space on the side of the substrate 112 as the 

processing target via the second target 109b.  The targets 109a and 109b can be, 

for example, an insulating material or a conductive material.  The first electrode 

105a is electrically connected to the  211 of the first balun first balanced terminal

103, and the second electrode 105b is electrically connected to the second 

balanced terminal 212 of the first balun 103. 

[0139] The third electrode 141 holds the substrate 112.  The fourth electrode 

145 can be arranged around the third electrode 141.  The third electrode 141 is 

electrically connected to the first balanced terminal 411 of the second balun 303, 

and the fourth electrode 145 is electrically connected to the second balanced 

terminal 412 of the second balun 303. 

[0140] The above-described arrangement can be understood as an arrangement 

in which the first electrode 105a is electrically connected to the first terminal 251, 

the second electrode 105b is electrically connected to the second terminal 252, the 

first terminal 251 is electrically connected to the  211 of the first balanced terminal

first balun 103, and the second terminal 252 is electrically connected to the second 

balanced terminal 212 of the first balun 103.  Additionally, the above-described 

arrangement can be understood as an arrangement in which the third electrode 141 
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is electrically connected to the third terminal 451, the fourth electrode 145 is 

electrically connected to the fourth terminal 452, the third terminal 451 is 

electrically connected to the first balanced terminal 411 of the second balun 303, 

and the fourth terminal 452 is electrically connected to the second balanced 

terminal 412 of the second balun 303. 

[0141] The first electrode 105a and the first balanced terminal 211 (first terminal 

251) of the first balun 103 can electrically be connected by a first path PTH1.  A 

reactance 511a can be arranged on the first path PTH1.  In other words, the first 

electrode 105a and the first balanced terminal 211 (first terminal 251) of the first 

balun 103 can electrically be connected via the reactance 511a.  The reactance 

511a can include a capacitor.  The capacitor can function as a blocking capacitor 

that blocks a DC current between the first balanced terminal 211 of the first balun 

103 and the first electrode 105a (or between the first balanced terminal 211 and 

the second balanced terminal 212 of the first balun 103).  The second electrode 

105b and the second balanced terminal 212 (second terminal 252) of the first 

balun 103 can electrically be connected by a second path PTH2.  A reactance 

511b can be arranged on the second path PTH2.  In other words, the second 

electrode 105b and the second balanced terminal 212 (third terminal 252) of the 

first balun 103 can electrically be connected via the reactance 511b.  The 

reactance 511b can include a capacitor.  The capacitor can function as a blocking 

capacitor that blocks a DC current between the second balanced terminal 212 of 

the first balun 103 and the second electrode 105b (or between the first balanced 

 211 and the second balanced terminal 212 of the first balun 103).  The terminal

first electrode 105a and the second electrode 105b can be supported by the 

vacuum container 110 via insulators 132a and 132b, respectively. 

[0142] The plasma processing apparatus 1 can include a reactance 521a arranged 

between the first electrode 105a and ground.  The plasma processing apparatus 1 
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can include a reactance 521b arranged between the second electrode 105b and 

ground.  The plasma processing apparatus 1 can include a reactance 530 that 

connects the first path PTH1 and the second path PTH2. 

[0143] In one arrangement example, as an adjustment reactance that affects the 

relationship between a first voltage applied to the first electrode 105a and a 

second voltage applied to the second electrode 105b, the plasma processing 

apparatus 1 includes at least one of (a) the reactance 511a arranged on the first 

path PTH1 that connects the first balanced terminal 211 and the first electrode 

105a, (b) the reactance 521a arranged between the first electrode 105a and ground, 

(c) the reactance 511b arranged on the second path PTH2 that connects the second 

balanced terminal 212 and the second electrode 105b, (d) the reactance 521b 

arranged between the second electrode 105b and ground, and (e) the reactance 530 

that connects the first path PTH1 and the second path PTH2. 

[0144] The third electrode 141 and the first balanced terminal 411 (third 

terminal 451) of the second balun 303 can electrically be connected via a blocking 

capacitor 304.  The blocking capacitor 304 blocks a DC current between the first 

 411 of the second balun 303 and the third electrode 141 (or balanced terminal

between the  411 and the second balanced terminal 412 of first balanced terminal

the second balun 303).  Instead of providing the blocking capacitor 304, a second 

impedance matching circuit 302 may be configured to block a DC current flowing 

between the first unbalanced terminal 401 and the second unbalanced terminal 

402 of the second balun 303.  The third electrode 141 and the fourth electrode 

145 can be supported by the vacuum container 110 via insulators 142 and 146, 

respectively. 

[0145] The plasma processing apparatus 1 can include a first high-frequency 

power supply 101 configured to generate a high frequency to be supplied between 

the first unbalanced terminal 201 and the second unbalanced terminal 202.  The 
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high-frequency power supply 101 can change the frequency of the high frequency 

supplied between the first unbalanced terminal 201 and the second unbalanced 

terminal 202.  By changing the frequency, the first voltage applied to the first 

electrode 105a and the second voltage applied to the second electrode 105b can be 

adjusted.  Alternatively, by changing the frequency, the relationship between the 

first voltage applied to the first electrode 105a and the second voltage applied to 

the second electrode 105b can be adjusted. 

[0146] Hence, by adjusting the frequency, the relationship between the amount 

of sputtering of the first target 109a and the amount of sputtering of the second 

target 109b can be adjusted.  Alternatively, by adjusting the frequency, the 

balance between the amount of sputtering of the first target 109a and the amount 

of sputtering of the second target 109b can be adjusted.  This can adjust the 

relationship between the consumption amount of the first target 109a and the 

consumption amount of the second target 109b.  Alternatively, this can adjust the 

balance between the consumption amount of the first target 109a and the 

consumption amount of the second target 109b.  This arrangement is 

advantageous in, for example, setting the exchange timing of the first target 109a 

and the exchange timing of the second target 109b to the same timing and 

reducing the downtime of the plasma processing apparatus 1.  It is also possible 

to adjust the thickness distribution of a film formed on the substrate 112 by 

adjusting the frequency. 

[0147] The plasma processing apparatus 1 can further include a first impedance 

matching circuit 102 arranged between the first high-frequency power supply 101 

and the first balun 103.  The  supplies a first high-frequency power supply 101

high frequency between the first electrode 105a and the second electrode 105b via 

the first impedance matching circuit 102, the first balun 103, and the first path 

PTH1.  Alternatively, the  supplies a high first high-frequency power supply 101
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frequency between the first terminal 251 and the second terminal 252 of the main 

body 10 via the first impedance matching circuit 102 and the first balun 103.  

The first balun 103, the first electrode 105a, and the second electrode 105b form a 

 configured to supply a high frequency to the first high-frequency supply unit

internal space of the vacuum container 110. 

[0148] The plasma processing apparatus 1 can include a second high-frequency 

 301, and a second impedance matching circuit 302 arranged power supply

between the second  301 and the second balun 303.  high-frequency power supply

The second  supplies a high frequency between high-frequency power supply 301

the first unbalanced terminal 401 and the second unbalanced terminal 402 of the 

second balun 303 via the second impedance matching circuit 302.  The second 

high-frequency power supply 301 supplies a high frequency between the third 

electrode 141 and the fourth electrode 145 via the second impedance matching 

circuit 302, the second balun 303, and the blocking capacitor 304.  Alternatively, 

the second high-frequency power supply 301 supplies a high frequency between  

the third terminal 451 and the fourth terminal 452 of the  10 via the main body

second impedance matching circuit 302 and the second balun 303.  The second 

balun 303, the third electrode 141, and the fourth electrode 145 form a second 

high-frequency supply unit configured to supply a high frequency to the internal 

space of the vacuum container 110. 

[0149] Let Rp1 - jXp1 be an impedance when the side of the first electrode 105a 

and the second electrode 105b (the side of the  10) is viewed from the main body

side of the  211 and the second balanced terminal 212 of the first balanced terminal

first balun 103 in a state in which plasma is generated in the internal space of the 

vacuum container 110 by supply of a high frequency from the first high-frequency 

 101.  In addition, let X1 be the reactance component (inductance power supply

component) of the impedance of a first coil 221 of the first balun 103.  In this 
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definition, satisfying 1.5 ≤ X1/Rp1 ≤ 5000 is advantageous in stabilizing the 

potential of plasma formed in the internal space of the vacuum container 110.  

However, note that satisfying the condition 1.5 ≤ X/Rp1 ≤ 5000 is not 

indispensable but an advantageous condition in the 30th embodiment.  In the 

30th embodiment, the balun 103 is provided, thereby making the potential of 

plasma stable as compared to a case in which the balun 103 is not provided.  

Additionally, the high-frequency power supply 101 capable of changing the 

frequency of the generated high frequency is provided, thereby adjusting the 

relationship between the amount of sputtering of the first target 109a and the 

amount of sputtering of the second target 109b. 

[0150] Additionally, let Rp2 – jXp2 be an impedance when the side of the third 

electrode 141 and the fourth electrode 145 (the side of the main body 10) is 

viewed from the side of the first balanced terminal 411 and the second balanced 

terminal 412 of the second balun 303 in a state in which plasma is generated in the 

internal space of the vacuum container 110 by supply of a high frequency from 

the second high-frequency power supply 301.  In addition, let X2 be the 

reactance component (inductance component) of the impedance of the first coil 

221 of the second balun 303.  In this definition, satisfying 1.5 ≤ X2/Rp2 ≤ 5000 

is advantageous in stabilizing the potential of plasma formed in the internal space 

of the vacuum container 110.  However, note that satisfying the condition 1.5 ≤ 

X/Rp2 ≤ 5000 is not indispensable but an advantageous condition in the 30th 

embodiment. 

[0151] The 31st to 34th embodiments that embody the plasma processing 

apparatus 1 according to the 29th embodiment will be described below with 

reference to Figs. 43 to 48.  Fig. 43 schematically shows the arrangement of a 

plasma processing apparatus 1 according to the 31st embodiment of the present 

invention.  Matters that are not mentioned as the 31st embodiment can comply 
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with the 30th embodiment.  The plasma processing apparatus 1 according to the 

31st embodiment includes at least one of a reactance 511a arranged on a first path 

PTH1, and a reactance 511b arranged on a second path PTH2.  Here, the plasma 

processing apparatus 1 preferably includes both the reactance 511a arranged on 

the first path PTH1 and the reactance 511b arranged on the second path PTH2. 

[0152] The first reactance 511a can include an inductor 601a and a capacitor 

602a.  The inductor 601a may be arranged between a first balanced terminal 211 

(first terminal 251) and the capacitor 602a, or may be arranged between the 

capacitor 602a and a first electrode 105a.  The second reactance 511b can 

include an inductor 601b and a capacitor 602b.  The inductor 601b may be 

arranged between a second balanced terminal 212 (second terminal 252) and the 

capacitor 602b, or may be arranged between the capacitor 602b and a second 

electrode 105b. 

[0153] Fig. 47 shows the normalized thickness distribution of a film formed on a 

substrate 112 in a case in which the frequency of a high frequency generated by a 

high-frequency power supply 101 is set to 12.56 MHz in the plasma processing 

apparatus 1 according to the 31st embodiment.  Fig. 47 shows the normalized 

thickness distribution of a film formed on the substrate 112 in a case in which the 

frequency of a high frequency generated by the high-frequency power supply 101 

is set to 13.56 MHz in the plasma processing apparatus 1 according to the 31st 

embodiment.  The abscissa represents a position in the horizontal direction (the 

direction parallel to the surface of the substrate 112) in Fig. 43, and represents the 

distance from the center of the substrate 112.  If the frequency of the high 

frequency generated by the high-frequency power supply 101 is 12.56 MHz, the 

thickness distribution of the film is largely different between the left side and the 

right side of the center of the substrate 112.  On the other hand, if the frequency 

of the high frequency generated by the high-frequency power supply 101 is 13.56 



03378WO/P218-0979WO 

 

 

- 75 - 

MHz, the thickness distribution of the film has high symmetry on the left side and 

the right side of the center of the substrate 112.  A first voltage applied to the 

first electrode 105a and a second voltage applied to the second electrode 105b are 

in good balance more in the case in which the frequency of the high frequency 

generated by the high-frequency power supply 101 is 13.56 MHz than in the case 

in which the frequency of the high frequency generated by the high-frequency 

power supply 101 is 12.56 MHz. 

[0154] Fig. 48 shows the voltage (first voltage) of the first electrode 105a and 

the voltage (second voltage) of the second electrode 105b in a case in which the 

frequency of the high frequency generated by the high-frequency power supply 

101 is changed in the plasma processing apparatus 1 according to the 30th 

embodiment.  By changing the frequency of the high frequency generated by the 

high-frequency power supply 101, the voltage (first voltage) of the first electrode 

105a and the voltage (second voltage) of the second electrode 105b can be 

adjusted.  Alternatively, by changing the frequency of the high frequency 

generated by the high-frequency power supply 101, the relationship between the 

voltage (first voltage) of the first electrode 105a and the voltage (second voltage) 

of the second electrode 105b can be adjusted.  For example, the frequency of the 

high frequency generated by the high-frequency power supply 101 can be 

adjusted such that the voltage (first voltage) of the first electrode 105a and the 

voltage (second voltage) of the second electrode 105b become equal.  This can 

make the amount of sputtering of a first target 109a and the amount of sputtering 

of a second target 109b equal.  This is advantageous in, for example, setting the 

exchange timing of the first target 109a and the exchange timing of the second 

target 109b to the same timing and reducing the downtime of the plasma 

processing apparatus 1. 

[0155] Fig. 44 schematically shows the arrangement of a plasma processing 
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apparatus 1 according to the 32nd embodiment of the present invention.  Matters 

that are not mentioned as the 32nd embodiment can comply with the 30th 

embodiment.  The plasma processing apparatus 1 according to the 32nd 

embodiment includes at least one of a reactance 521a arranged between a first 

electrode 105a and ground, and a reactance 521b arranged between a second 

electrode 105b and ground.  The reactance 521a can include, for example, an 

inductor 607a and a capacitor 606a.  The reactance 521b can include, for 

example, an inductor 607b and a capacitor 606b. 

[0156] The plasma processing apparatus 1 can further include a reactance 511a 

(in this example, an inductor 603a and a capacitor 602a) arranged on a first path 

PTH1, and a reactance 511b (in this example, an inductor 603b and a capacitor 

602b) arranged on a second path PTH2. 

[0157] Fig. 45 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 33rd embodiment of the present invention.  Matters 

that are not mentioned as the 33rd embodiment can comply with the 30th 

embodiment.  The plasma processing apparatus 1 according to the 33rd 

embodiment includes an inductor 608 serving as a reactance 530 that connects a 

first path PTH1 and a second path PTH2.  The plasma processing apparatus 1 

can further include a reactance 511a (in this example, an inductor 603a and a 

capacitor 602a) arranged on the first path PTH1, and a reactance 511b (in this 

example, an inductor 603b and a capacitor 602b) arranged on the second path 

PTH2. 

[0158] Fig. 46 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 33rd embodiment of the present invention.  Matters 

that are not mentioned as the 33rd embodiment can comply with the 30th 

embodiment.  The plasma processing apparatus 1 according to the 33rd 

embodiment includes a capacitor 609 serving as a variable reactance 530 that 
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connects a first path PTH1 and a second path PTH2.  The plasma processing 

apparatus 1 can further include a reactance 511a (in this example, an inductor 

603a and a capacitor 602a) arranged on the first path PTH1, and a reactance 511b 

(in this example, an inductor 603b and a capacitor 602b) arranged on the second 

path PTH2. 

[0159] Note that in the 30th to 33rd embodiments described with reference to 

Figs. 43 to 48, electrodes are arranged on the facing surfaces of targets 109a and 

109b.  However, these are not limited to the electrodes.  A cylindrical substrate 

rotation holder in a plasma apparatus of a so-called carousel type (for example, 

Japanese Patent Laid-Open Nos. 2003-155556 and 62-133065) or a rectangular 

substrate tray in a plasma apparatus of a so-called inline type (for example, 

Japanese Patent No. 5824072 and Japanese Patent Laid-Open No. 2011-144450) 

may be arranged. 

[0160] An operation of adjusting the frequency of a high frequency generated by 

the high-frequency power supply 101 based on a first voltage V1 of a first 

electrode 105a and a second voltage V2 of a second electrode 105b will be 

described below with reference to Figs. 49 to 53.  Fig. 49 schematically shows 

the arrangement of a plasma processing apparatus 1 according to the 35th 

embodiment of the present invention.  The plasma processing apparatus 1 

according to the 35th embodiment has an arrangement in which a controller 700 is 

added to the plasma processing apparatus according to the 31st embodiment 

shown in Fig. 43.  The controller 700 adjusts the frequency of a high frequency 

generated by a high-frequency power supply 101 based on a first voltage V1 of a 

first electrode 105a and a second voltage V2 of a second electrode 105b such that, 

for example, the first voltage V1 and the second voltage V2 become equal.  For 

example, based on the first voltage V1 of the first electrode 105a and the second 

voltage V2 of the second electrode 105b, the controller 700 generates an 
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instruction value CNT that adjusts the frequency of the high frequency generated 

by the high-frequency power supply 101 such that the value of an adjustment 

reactance changes.  The instruction value CNT is supplied to the high-frequency 

power supply 101.  The high-frequency power supply 101 changes the frequency 

of the high frequency generated by itself in accordance with the instruction value 

CNT.  The controller 700 can include a measurement unit configured to measure 

the first voltage V1 that is the voltage of the first electrode 105a and the second 

voltage V2 that is the voltage of the second electrode 105b.  Alternatively, for 

such measurement, a unit may be provided separately from the controller 700. 

[0161] Fig. 50 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 36th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 36th embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 32nd embodiment shown in Fig. 44.  The controller 700 adjusts 

the frequency of a high frequency generated by a high-frequency power supply 

101 based on a first voltage V1 of a first electrode 105a and a second voltage V2 

of a second electrode 105b such that, for example, the first voltage V1 and the 

second voltage V2 become equal.  For example, based on the first voltage V1 of 

the first electrode 105a and the second voltage V2 of the second electrode 105b, 

the controller 700 generates an instruction value CNT that adjusts the frequency 

of the high frequency generated by the high-frequency power supply 101 such that 

the value of an adjustment reactance changes.  The instruction value CNT is 

supplied to the high-frequency power supply 101.  The high-frequency power 

supply 101 changes the frequency of the high frequency generated by itself in 

accordance with the instruction value CNT.  The controller 700 can include a 

measurement unit configured to measure the first voltage V1 that is the voltage of 

the first electrode 105a and the second voltage V2 that is the voltage of the second 
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electrode 105b.  Alternatively, for such measurement, a unit may be provided 

separately from the controller 700. 

[0162] Fig. 51 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 37th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 37th embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 33rd embodiment shown in Fig. 45.  The controller 700 adjusts 

the frequency of a high frequency generated by a high-frequency power supply 

101 based on a first voltage V1 of a first electrode 105a and a second voltage V2 

of a second electrode 105b such that, for example, the first voltage V1 and the 

second voltage V2 become equal.  For example, based on the first voltage V1 of 

the first electrode 105a and the second voltage V2 of the second electrode 105b, 

the controller 700 generates an instruction value CNT that adjusts the frequency 

of the high frequency generated by the high-frequency power supply 101 such that 

the value of an adjustment reactance changes.  The instruction value CNT is 

supplied to the high-frequency power supply 101.  The high-frequency power 

supply 101 changes the frequency of the high frequency generated by itself in 

accordance with the instruction value CNT.  The controller 700 can include a 

measurement unit configured to measure the first voltage V1 that is the voltage of 

the first electrode 105a and the second voltage V2 that is the voltage of the second 

electrode 105b.  Alternatively, for such measurement, a unit may be provided 

separately from the controller 700. 

[0163] Fig. 52 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 38th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 38th embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 34th embodiment shown in Fig. 46.  The controller 700 adjusts 
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the frequency of a high frequency generated by a high-frequency power supply 

101 based on a first voltage V1 of a first electrode 105a and a second voltage V2 

of a second electrode 105b such that, for example, the first voltage V1 and the 

second voltage V2 become equal.  For example, based on the first voltage V1 of 

the first electrode 105a and the second voltage V2 of the second electrode 105b, 

the controller 700 generates an instruction value CNT that adjusts the frequency 

of the high frequency generated by the high-frequency power supply 101 such that 

the value of an adjustment reactance changes.  The instruction value CNT is 

supplied to the high-frequency power supply 101.  The high-frequency power 

supply 101 changes the frequency of the high frequency generated by itself in 

accordance with the instruction value CNT.  The controller 700 can include a 

measurement unit configured to measure the first voltage V1 that is the voltage of 

the first electrode 105a and the second voltage V2 that is the voltage of the second 

electrode 105b.  Alternatively, for such measurement, a unit may be provided 

separately from the controller 700. 

[0164] Fig. 53 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 39th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 39th embodiment can operate as 

an etching apparatus for etching substrates 112a and 112b.  The plasma 

processing apparatus 1 according to the 39th embodiment is different from the 

plasma processing apparatus 1 according to the 30th embodiment in that a first 

electrode 105a and a second electrode 105b hold the first substrate 112a and the 

second substrate 112b as etching targets, respectively, and a third electrode 141 

does not hold a substrate, and can have an arrangement similar to the plasma 

processing apparatus 1 according to the 30th embodiment concerning the 

remaining points. 

[0165] In one arrangement example, as an adjustment reactance that affects the 
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relationship between a first voltage applied to the first electrode 105a and a 

second voltage applied to the second electrode 105b, the plasma processing 

apparatus 1 includes at least one of (a) a reactance 511a arranged on a first path 

PTH1 that connects a first balanced terminal 211 and the first electrode 105a, (b) 

a reactance 521a arranged between the first electrode 105a and ground, (c) a 

reactance 511b arranged on a second path PTH2 that connects a second balanced 

terminal 212 and the second electrode 105b, (d) a reactance 521b arranged 

between the second electrode 105b and ground, and (e) a reactance 530 that 

connects the first path PTH1 and the second path PTH2. 

[0166] By adjusting the frequency of a high frequency generated by a high-

frequency power supply 101, the etching amount distribution of the first substrate 

112a and the etching amount distribution of the second substrate 112b can be 

adjusted.  Alternatively, by adjusting the frequency of a high frequency 

generated by the high-frequency power supply 101, the etching amount 

distribution of the first substrate 112a and the etching amount distribution of the 

second substrate 112b can be made equal. 

[0167] Note that in the 35th to 39th embodiments described with reference to 

Figs. 49 to 53, electrodes are arranged on the facing surfaces of targets 109a and 

109b.  However, these are not limited to the electrodes.  A cylindrical substrate 

rotation holder in a plasma apparatus of a so-called carousel type (for example, 

Japanese Patent Laid-Open Nos. 2003-155556 and 62-133065) or a rectangular 

substrate tray in a plasma apparatus of a so-called inline type (for example, 

Japanese Patent No. 5824072 and Japanese Patent Laid-Open No. 2011-144450) 

may be arranged. 

[0168] In the 35th to 39th embodiments described with reference to Figs. 49 to 

53, the controller 700 adjusts the frequency of a high frequency generated by the 

high-frequency power supply 101 based on the first voltage V1 of the first 
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electrode 105a and the second voltage V2 of the second electrode 105b.  In place 

of this arrangement, the controller 700 may be configured to adjust the frequency 

of a high frequency generated by the high-frequency power supply 101 based on a 

plasma intensity near the first electrode 105a and a plasma intensity near the 

second electrode 105b.  The plasma intensity near the first electrode 105a can be 

detected by, for example, a photoelectric conversion device.  Similarly, the 

plasma intensity near the second electrode 105b can be detected by, for example, a 

photoelectric conversion device.  The controller 700 can be configured to adjust 

the frequency of a high frequency generated by the high-frequency power supply 

101 based on the plasma intensity near the first electrode 105a and the plasma 

intensity near the second electrode 105b such that, for example, the plasma 

intensity near the first electrode 105a and the plasma intensity near the second 

electrode 105b become equal. 

[0169] A plasma processing method according to the 40th embodiment of the 

present invention will be described next.  The plasma processing method 

according to the 40th embodiment processes a substrate 112 in a plasma 

processing apparatus 1 according to any one of the 30th to 39th embodiments.  

The plasma processing method can include a step of adjusting the frequency of a 

high frequency generated by a high-frequency power supply 101 to adjust the 

relationship between a first voltage applied to a first electrode 105a and a second 

voltage applied to a second electrode 105b, and a step of processing the substrate 

112 after the step of adjusting.  The processing can include a step of forming a 

film on the substrate 112 by sputtering, or a step of etching the substrate 112. 

[0170] Fig. 54 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 41st embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 41st embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 
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according to the 31st embodiment shown in Fig. 43.  The controller 700 adjusts 

the frequency of a high frequency generated by a high-frequency power supply 

101 based on a first voltage V1 of a  105a and a second voltage V2 first electrode

of a second electrode 105b such that, for example, the first voltage V1 obtains a 

first target value, and the second voltage V2 obtains a second target value.  For 

example, based on the first voltage V1 of the  105a and the second first electrode

voltage V2 of the second electrode 105b, the controller 700 generates an 

instruction value CNTosc that adjusts the frequency of the high frequency 

generated by the high-frequency power supply 101 to change the value of an 

adjustment reactance such that the first voltage V1 obtains the first target value, 

and the second voltage V2 obtains the second target value.  The instruction value 

CNTosc is supplied to the high-frequency power supply 101.  The high-

frequency power supply 101 changes the frequency of the high frequency 

generated by itself in accordance with the instruction value CNTosc.  The 

controller 700 can include a measurement unit configured to measure the first 

voltage V1 that is the voltage of the first electrode 105a and the second voltage 

V2 that is the voltage of the second electrode 105b.  Alternatively, for such 

measurement, a unit may be provided separately from the controller 700. 

[0171] The controller 700 generates an instruction value CNTmb that controls 

an impedance matching circuit 102.  When igniting plasma, the controller 700 

controls the impedance matching circuit 102 such that the impedance matching 

circuit 102 obtains an impedance for ignition of plasma.  In addition, the 

controller 700 changes the impedance of the impedance matching circuit 102 such 

that the plasma stabilizes after ignition of plasma.  In a state in which the plasma 

is stable, the impedance of the impedance matching circuit 102 matches an 

impedance Rp – jXp (an impedance when the side of the first electrode 105a and 

the second electrode 105b (the side of a main body 10) is viewed from the side of 
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a first balanced terminal 211 and a second balanced terminal 212) on the side of 

the main body 10 when plasma is generated.  The impedance of the impedance 

matching circuit 102 at this time is Rp + jXp. 

[0172] The controller 700 can be formed by, for example, a PLD (the 

abbreviation of a Programmable Logic Device) such as an FPGA (the 

abbreviation of a Field Programmable Gate Array), an ASIC (the abbreviation of 

an Application Specific Integrated Circuit), a general-purpose or dedicated 

computer embedded with a program, or a combination of all or some of these 

components.  The program can be provided by storing it in a memory medium 

(computer-readable memory medium) or via a communication network. 

[0173] Fig. 40 shows the operation of the plasma processing apparatus 1 

according to the 39th embodiment.  This operation can be controlled by the 

controller 700.  In step S401, the controller 700 supplies the instruction value 

CNTmb to the impedance matching circuit 102 such that the impedance of the 

impedance matching circuit 102 is set or changed to the impedance for ignition of 

plasma.  The impedance matching circuit 102 sets or changes the impedance of 

its own in accordance with the instruction value CNTmb. 

[0174] After that, in step S402 (ignition step), in a state in which the impedance 

of the impedance matching circuit 102 is set to the impedance for ignition of 

plasma, the controller 700 activates (ON) a high-frequency power supply 402 to 

generate a high frequency.  The high frequency generated by the high-frequency 

power supply 402 is supplied to the first electrode 105a and the second electrode 

105b via the impedance matching circuit 102, a balun 103, and the adjustment 

reactances (variable inductors 601a and 601b and capacitors 602a and 602b).  

Plasma is thus ignited. 

[0175] In step S403 (matching step), the controller 700 changes the impedance 

of the impedance matching circuit 102 such that plasma stabilizes after ignition of 
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plasma.  More specifically, in step S403, the controller 700 decides the 

instruction value CNTmb such that the impedance at which plasma stabilizes is 

set to the impedance matching circuit 700, and supplies the instruction value 

CNTmb to the impedance matching circuit 700.  The impedance matching circuit 

102 sets or changes the impedance of its own in accordance with the instruction 

value CNTmb. 

[0176] After that, in step S404, the controller 700 acquires the first voltage V1 

of the first electrode 105a and the second voltage V2 of the second electrode 105b.  

After that, in step S405 (adjustment step), based on the first voltage V1 of the first 

 105a and the second voltage V2 of the second electrode 105b, the electrode

controller 700 generates the instruction value CNTosc to adjust the values of the 

variable inductors 601a and 601b each serving as a variable reactance such that 

the first voltage V1 obtains the first target value, and the second voltage V2 

obtains the second target value.  The instruction value CNTosc is supplied to the 

high-frequency power supply 402.  The high-frequency power supply 101 

changes the frequency of the high frequency generated by itself in accordance 

with the instruction value CNTosc. 

[0177] Fig. 59 shows the relationship between the frequency of the high 

frequency generated by the high-frequency power supply 101 and the voltages of 

the first electrode 105a and the second electrode 105b.  This reactance 

corresponds to -XP described above.  As shown in Fig. 59, the magnitude 

relationship between the voltages of the first electrode 105a and the second 

electrode 105b is reversed when the reactance of the adjustment reactance is 

changed by changing the frequency of the high frequency generated by the high-

frequency power supply 101.  In other words, the change curves of the voltages 

of the first electrode 105a and the second electrode 105b to the change of the 

frequency of the high frequency generated by the high-frequency power supply 



03378WO/P218-0979WO 

 

 

- 86 - 

101 exhibit characteristics crossing each other. 

[0178] The characteristics shown in Fig. 59 can be decided by, for example, 

experiments or calculations in advance.  In this case, in step S405, based on the 

characteristics, the first voltage V1 of the first electrode 105a, and the second 

voltage V2 of the second electrode 105b, the controller 700 can generate the 

instruction value CNTosc that adjusts the frequency of the high frequency 

generated by the high-frequency power supply 101 such that the first voltage V1 

obtains the first target value, and the second voltage V2 obtains the second target 

value.  If the characteristics shown in Fig. 59 are not decided in advance, in step 

S405, the controller 700 can finely adjust the instruction value CNTosc based on 

the first voltage V1 of the first electrode 105a and the second voltage V2 of the 

second electrode 105b. 

[0179] After that, in step S407, the controller 700 acquires the first voltage V1 

of the first electrode 105a and the second voltage V2 of the second electrode 105b.  

After that, in step S408, the controller 700 determines whether the first voltage V1 

obtains the first target value, and the second voltage V2 obtains the second target 

value.  If the first voltage V1 obtains the first target value, and the second 

voltage V2 obtains the second target value, the process advances to step S409.  

Otherwise, the process returns to step S405.  In step S409 (processing step), the 

controller 700 controls to process the substrate 112.  This control can include, for 

example, opening/closing a shutter (not shown) arranged between the target 109a 

and the substrate 112 and a shutter (not shown) arranged between the target 109b 

and the substrate 112.  The processing shown in Fig. 40 may be executed 

manually. 

[0180] Fig. 55 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 42nd embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 42nd embodiment has an 
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arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 32nd embodiment shown in Fig. 44.  Matters that are not 

mentioned as the 42nd embodiment can comply with the 41st embodiment.  The 

controller 700 adjusts the frequency of a high frequency generated by a high-

frequency power supply 101 based on a first voltage V1 of a  105a first electrode

and a second voltage V2 of a second electrode 105b such that, for example, the 

first voltage V1 obtains a first target value, and the second voltage V2 obtains a 

second target value.  For example, based on the first voltage V1 of the first 

 105a and the second voltage V2 of the second electrode 105b, the electrode

controller 700 generates an instruction value CNTosc that adjusts the frequency of 

the high frequency generated by the high-frequency power supply 101 to change 

the value of an adjustment reactance.  The instruction value CNTosc is supplied 

to the high-frequency power supply 101.  The high-frequency power supply 101 

changes the frequency of the high frequency generated by itself in accordance 

with the instruction value CNTosc. 

[0181] Fig. 56 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 43rd embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 43rd embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 33rd embodiment shown in Fig. 45.  Matters that are not 

mentioned as the 43rd embodiment can comply with the 41st embodiment.  The 

controller 700 adjusts the frequency of a high frequency generated by a high-

frequency power supply 101 based on a first voltage V1 of a  105a first electrode

and a second voltage V2 of a second electrode 105b such that, for example, the 

first voltage V1 obtains a first target value, and the second voltage V2 obtains a 

second target value.  For example, based on the first voltage V1 of the first 

 105a and the second voltage V2 of the second electrode 105b, the electrode
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controller 700 generates an instruction value CNTosc that adjusts the frequency of 

the high frequency generated by the high-frequency power supply 101 to change 

the value of an adjustment reactance.  The instruction value CNTosc is supplied 

to the high-frequency power supply 101.  The high-frequency power supply 101 

changes the frequency of the high frequency generated by itself in accordance 

with the instruction value CNTosc.  The controller 700 can include a 

measurement unit configured to measure the first voltage V1 that is the voltage of 

the first electrode 105a and the second voltage V2 that is the voltage of the second 

electrode 105b.  Alternatively, for such measurement, a unit may be provided 

separately from the controller 700. 

[0182] Fig. 57 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 44th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 44th embodiment has an 

arrangement in which a controller 700 is added to the plasma processing apparatus 

according to the 34th embodiment shown in Fig. 46.  Matters that are not 

mentioned as the 42nd embodiment can comply with the 41st embodiment.  The 

controller 700 adjusts the frequency of a high frequency generated by a high-

frequency power supply 101 based on a first voltage V1 of a  105a first electrode

and a second voltage V2 of a second electrode 105b such that, for example, the 

first voltage V1 obtains a first target value, and the second voltage V2 obtains a 

second target value.  For example, based on the first voltage V1 of the first 

 105a and the second voltage V2 of the second electrode 105b, the electrode

controller 700 generates an instruction value CNTosc that adjusts the frequency of 

the high frequency generated by the high-frequency power supply 101 to change 

the value of an adjustment reactance.  The instruction value CNTosc is supplied 

to the high-frequency power supply 101.  The high-frequency power supply 101 

changes the frequency of the high frequency generated by itself in accordance 
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with the instruction value CNTosc.  The controller 700 can include a 

measurement unit configured to measure the first voltage V1 that is the voltage of 

the first electrode 105a and the second voltage V2 that is the voltage of the second 

electrode 105b.  Alternatively, for such measurement, a unit may be provided 

separately from the controller 700. 

[0183] Fig. 58 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 45th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 45th embodiment can operate as 

an etching apparatus for etching substrates 112a and 112b.  The plasma 

processing apparatus 1 according to the 45th embodiment can have an 

arrangement similar to the plasma processing apparatus 1 according to the 30th 

embodiment except a controller 700.  Matters that are not mentioned as the 45th 

embodiment can comply with the 41st embodiment. 

[0184] In one arrangement example, as an adjustment reactance that affects the 

relationship between a first voltage applied to a first electrode 105a and a second 

voltage applied to a second electrode 105b, the plasma processing apparatus 1 

includes at least one of (a) a reactance 511a arranged on a first path PTH1 that 

connects a first balanced terminal 211 and the first electrode 105a, (b) a reactance 

521a arranged between the first electrode 105a and ground, (c) a reactance 511b 

arranged on a second path PTH2 that connects a second balanced terminal 212 

and the second electrode 105b, (d) a reactance 521b arranged between the second 

electrode 105b and ground, and (e) a reactance 530 that connects the first path 

PTH1 and the second path PTH2. 

[0185] By adjusting the frequency of a high frequency generated by a high-

frequency power supply 101, the etching amount distribution of the first substrate 

112a and the etching amount distribution of the second substrate 112b can be 

adjusted.  Alternatively, by adjusting the frequency of a high frequency 
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generated by the high-frequency power supply 101, the etching amount 

distribution of the first substrate 112a and the etching amount distribution of the 

second substrate 112b can be made equal. 

[0186] Note that in the 41st to 45th embodiments described with reference to 

Figs. 54 to 58, electrodes are arranged on the facing surfaces of targets 109a and 

109b.  However, these are not limited to the electrodes.  A cylindrical substrate 

rotation holder in a plasma apparatus of a so-called carousel type (for example, 

Japanese Patent Laid-Open Nos. 2003-155556 and 62-133065) or a rectangular 

substrate tray in a plasma apparatus of a so-called inline type (for example, 

Japanese Patent No. 5824072 and Japanese Patent Laid-Open No. 2011-144450) 

may be arranged. 

[0187] In the 41st to 45th embodiments described with reference to Figs. 54 to 

58, the controller 700 adjusts the frequency of a high frequency generated by the 

high-frequency power supply 101 based on the first voltage V1 of the first 

electrode 105a and the second voltage V2 of the second electrode 105b.  In place 

of this arrangement, the controller 700 may be configured to adjust the frequency 

of a high frequency generated by the high-frequency power supply 101 based on a 

plasma intensity near the first electrode 105a and a plasma intensity near the 

second electrode 105b.  The plasma intensity near the first electrode 105a can be 

detected by, for example, a photoelectric conversion device.  Similarly, the 

plasma intensity near the second electrode 105b can be detected by, for example, a 

photoelectric conversion device.  The controller 700 can be configured to adjust 

the frequency of a high frequency generated by the high-frequency power supply 

101 based on the plasma intensity near the first electrode 105a and the plasma 

intensity near the second electrode 105b such that, for example, the plasma 

intensity near the first electrode 105a and the plasma intensity near the second 

electrode 105b become equal. 
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[0188] Fig. 60 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 46h embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 46th embodiment is a 

modification of the plasma processing apparatuses 1 according to the 23rd to 29th 

embodiments described with reference to Figs. 33 to 41.  The plasma processing 

apparatus 1 according to the 46th embodiment further includes at least one of a 

mechanism configured to move a first electrode 141 holding a substrate 112 up 

and down and a mechanism configured to rotate the first electrode 141.  In the 

example shown in Fig. 60, the plasma processing apparatus 1 includes a driving 

mechanism 114 including both the mechanism configured to move the first 

electrode 141 up and down and the mechanism configured to rotate the first 

electrode 141.  A bellows 113 that forms a vacuum partition can be provided 

between a vacuum container 110 and the driving mechanism 114. 

[0189] Fig. 61 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the 47th embodiment of the present invention.  The 

plasma processing apparatus 1 according to the 47th embodiment is a 

modification of the plasma processing apparatuses 1 according to the 30th to 45th 

embodiments described with reference to Figs. 42 to 59.  The plasma processing 

apparatus 1 according to the 47th embodiment further includes at least one of a 

mechanism configured to move a first electrode 141 holding a substrate 112 up 

and down and a mechanism configured to rotate the first electrode 141.  In the 

example shown in Fig. 61, the plasma processing apparatus 1 includes a driving 

mechanism 114 including both the mechanism configured to move the first 

electrode 141 up and down and the mechanism configured to rotate the first 

electrode 141.  A bellows 113 that forms a vacuum partition can be provided 

between a vacuum container 110 and the driving mechanism 114. 

[0190] The present invention is not limited to the above embodiments, and 
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various changes and modifications can be made within the spirit and scope of the 

present invention.  Therefore, to apprise the public of the scope of the present 

invention, the following claims are made. 

REFERENCE SIGNS LIST 

[0191] 1...plasma processing apparatus, 10...main body, 101...high-frequency 

power supply, 102...impedance matching circuit, 103...balun, 104...blocking 

capacitor, 106...first electrode, 107, 108...insulator, 109...target, 110...vacuum 

container, 111...second electrode, 112...substrate, 201...first unbalanced terminal, 

202...second unbalanced terminal, 211...first balanced terminal, 212...second 

balanced terminal, 251...first terminal, 252...second terminal, 221...first coil, 

222...second coil, 223...third coil, 224...fourth coil, 511a, 511b, 521a, 521b, 

530...variable reactance, 700...controller 
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CLAIMS 

1. A plasma processing apparatus comprising: 

 an impedance matching circuit; 

 a balun including a first unbalanced terminal connected to the impedance 

matching circuit, a grounded second unbalanced terminal, a first balanced 

terminal, and a second balanced terminal; 

 a grounded vacuum container; 

 a first electrode electrically connected to the first balanced terminal; 

 a second electrode electrically connected to the second balanced 

terminal; 

 an adjustment reactance configured to affect a relationship between a 

first voltage applied to the first electrode and a second voltage applied to the 

second electrode; 

 a high-frequency power supply configured to supply a high frequency 

between the first unbalanced terminal and the second unbalanced terminal via the 

impedance matching circuit; and 

 a controller configured to control an impedance of the impedance 

matching circuit and a reactance of the adjustment reactance, 

 wherein the first electrode is configured to hold a first target, the second 

electrode is configured to hold a second target, the first electrode faces a space on 

a side of a substrate as a processing target via the first target, and the second 

electrode faces the space via the second target, and 

 wherein the adjustment reactance includes capacitance arranged on a path 

that connects the first electrode and ground, and capacitance arranged on a path 

that connects the second electrode and the ground. 

2. The plasma processing apparatus according to claim 1, wherein the 

controller controls the impedance of the impedance matching circuit such that the 
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impedance matches an impedance when a side of the first electrode and the 

second electrode is viewed from a side of the first balanced terminal and the 

second balanced terminal. 

3. The plasma processing apparatus according to claim 1, wherein after 

plasma is ignited by controlling the impedance of the impedance matching circuit 

to an impedance for ignition of plasma, the controller controls the impedance of 

the impedance matching circuit such that the impedance matches an impedance 

when a side of the first electrode and the second electrode is viewed from a side of 

the first balanced terminal and the second balanced terminal. 

4. The plasma processing apparatus according to any one of claims 1 to 3, 

wherein the controller controls the reactance of the adjustment reactance such that 

a voltage of the first electrode obtains a first target value, and a voltage of the 

second electrode obtains a second target value. 

5.  A plasma processing apparatus comprising: 

 an impedance matching circuit; 

 a balun including a first unbalanced terminal connected to the impedance 

matching circuit, a grounded second unbalanced terminal, a first balanced 

terminal, and a second balanced terminal; 

 a grounded vacuum container; 

 a first electrode electrically connected to the first balanced terminal; 

 a second electrode electrically connected to the second balanced 

terminal; 

 an adjustment reactance configured to affect a relationship between a 

first voltage applied to the first electrode and a second voltage applied to the 

second electrode; 

 a high-frequency power supply configured to supply a high frequency 

between the first unbalanced terminal and the second unbalanced terminal via the 
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impedance matching circuit; and 

 a controller configured to control an impedance of the impedance 

matching circuit and a reactance of the adjustment reactance, 

 wherein after plasma is ignited by controlling the impedance of the 

impedance matching circuit to an impedance for ignition of plasma, the controller 

controls the impedance of the impedance matching circuit such that the impedance 

matches an impedance when a side of the first electrode and the second electrode 

is viewed from a side of the first balanced terminal and the second balanced 

terminal, 

 wherein a magnitude relationship between a voltage of the first electrode 

and a voltage of the second electrode is capable of being reversed by changing the 

reactance of the adjustment reactance, and 

 wherein the controller controls the reactance of the adjustment reactance 

such that a difference between a voltage of the first electrode and a voltage of the 

second electrode obtains a target difference value. 

6. The plasma processing apparatus according to any one of claims 1 to 5, 

wherein the controller supplies an instruction value used to control the reactance 

of the adjustment reactance to the adjustment reactance, and the adjustment 

reactance changes the reactance of its own in accordance with the instruction 

value. 

7. The plasma processing apparatus according to any one of claims 1 to 5, 

wherein the high-frequency power supply can change a frequency of the high 

frequency, and the controller supplies an instruction value used to control a 

frequency of the high-frequency power supply to the high-frequency power 

supply such that the relationship is adjusted by changing the frequency. 

8. The plasma processing apparatus according to any one of claims 1 to 7, 

wherein the first electrode includes a first holding surface configured to hold a 
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first member, the second electrode includes a second holding surface configured 

to hold a second member, and the first holding surface and the second holding 

surface belong to one plane. 

9. The plasma processing apparatus according to any one of claims 1 to 8, 

wherein the adjustment reactance further includes at least one of a reactance 

arranged on a first path that connects the first balanced terminal and the first 

electrode, a reactance arranged on a second path that connects the second 

balanced terminal and the second electrode, and a reactance that connects the first 

path and the second path. 

10. The plasma processing apparatus according to any one of claims 1 to 8, 

wherein the adjustment reactance further includes at least one of a first reactance 

arranged on a first path that connects the first balanced terminal and the first 

electrode, and a second reactance arranged on a second path that connects the 

second balanced terminal and the second electrode. 

11. The plasma processing apparatus according to claim 10, wherein 

 the first reactance includes , and an inductor

 the second reactance includes . an inductor

12. The plasma processing apparatus according to claim 10, wherein 

 the first reactance includes a capacitor, and 

 the second reactance includes a capacitor. 

13. The plasma processing apparatus according to any one of claims 1 to 12, 

wherein the controller controls the adjustment reactance based on the voltage of 

the first electrode and the voltage of the second electrode. 

14. The plasma processing apparatus according to any one of claims 1 to 13, 

further comprising: 

 a substrate holding portion configured to hold the substrate; and 

 a driving mechanism configured to rotate the substrate holding portion. 
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15. The plasma processing apparatus according to any one of claims 1 to14, 

wherein letting Rp be a resistance component between the first balanced terminal 

and the second balanced terminal when the side of the first electrode and the 

second electrode is viewed from the side of the first balanced terminal and the 

second balanced terminal, and X be an inductance between the first unbalanced 

terminal and the first balanced terminal, 1.5 ≤ X/Rp ≤ 5000 is satisfied. 

16. The plasma processing apparatus according to any one of claims 1 to 15, 

wherein the balun includes a first coil that connects the first unbalanced terminal 

and the first balanced terminal, and a second coil that connects the second 

unbalanced terminal and the second balanced terminal. 

17. The plasma processing apparatus according to claim 16, wherein the 

balun further includes a third coil and a fourth coil, which are connected between 

the first balanced terminal and the second balanced terminal, and the third coil and 

the fourth coil are configured to set a voltage of a connection node between the 

third coil and the fourth coil to a middle point between a voltage of the first 

balanced terminal and a voltage of the second balanced terminal. 

18. A plasma processing method of processing a substrate in a plasma 

processing apparatus including an impedance matching circuit, a balun including 

a first unbalanced terminal connected to the impedance matching circuit, a 

grounded second unbalanced terminal, a first balanced terminal, and a second 

balanced terminal, a grounded vacuum container, a first electrode electrically 

connected to the first balanced terminal, a second electrode electrically connected 

to the second balanced terminal, an adjustment reactance configured to affect a 

relationship between a first voltage applied to the first electrode and a second 

voltage applied to the second electrode, and a high-frequency power supply 

configured to supply a high frequency between the first unbalanced terminal and 

the second unbalanced terminal via the impedance matching circuit, wherein the 
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first electrode is configured to hold a first target, the second electrode is 

configured to hold a second target, the first electrode faces a space on a side of a 

substrate as a processing target via the first target, and the second electrode faces 

the space via the second target, and wherein the adjustment reactance includes 

capacitance arranged on a path that connects the first electrode and ground, and 

capacitance arranged on a path that connects the second electrode and the ground, 

the method comprising: 

 a matching step of controlling an impedance of the impedance matching 

circuit such that the impedance matches an impedance when a side of the first 

electrode and the second electrode is viewed from a side of the first balanced 

terminal and the second balanced terminal; 

 an adjustment step of adjusting the adjustment reactance to adjust the 

relationship; and 

 a processing step of processing the substrate after the adjustment step. 

19. The plasma processing method according to claim 18, further comprising 

an ignition step of igniting plasma in a state in which the impedance of the 

impedance matching circuit is set to an impedance for ignition of plasma, 

 wherein the matching step is executed after the ignition step. 

20. The plasma processing method according to claim 18 or 19, wherein the 

adjustment step comprises controlling the reactance of the adjustment reactance 

such that a voltage of the first electrode obtains a first target value, and a voltage 

of the second electrode obtains a second target value. 

21. A plasma processing method of processing a substrate in a plasma 

processing apparatus including an impedance matching circuit, a balun including 

a first unbalanced terminal connected to the impedance matching circuit, a 

grounded second unbalanced terminal, a first balanced terminal, and a second 

balanced terminal, a grounded vacuum container, a first electrode electrically 
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connected to the first balanced terminal, a second electrode electrically connected 

to the second balanced terminal, an adjustment reactance configured to affect a 

relationship between a first voltage applied to the first electrode and a second 

voltage applied to the second electrode, and a high-frequency power supply 

configured to supply a high frequency between the first unbalanced terminal and 

the second unbalanced terminal via the impedance matching circuit, the method 

comprising: 

 an ignition step of igniting plasma in a state in which an impedance of 

the impedance matching circuit is set to an impedance for ignition of plasma; 

 a matching step of controlling the impedance of the impedance matching 

circuit such that the impedance matches an impedance when a side of the first 

electrode and the second electrode is viewed from a side of the first balanced 

terminal and the second balanced terminal; 

 an adjustment step of adjusting the adjustment reactance to adjust the 

relationship; and 

 a processing step of processing the substrate after the adjustment step, 

 wherein a magnitude relationship between a voltage of the first electrode 

and a voltage of the second electrode is capable of being reversed by changing the 

reactance of the adjustment reactance, and 

 wherein the adjustment step comprises controlling the reactance of the 

adjustment reactance such that a difference between a voltage of the first electrode 

and a voltage of the second electrode obtains a target difference value. 

22. The plasma processing method according to any one of claims 18 to 21, 

wherein the adjustment step comprises supplying an instruction value used to 

control the reactance of the adjustment reactance to the adjustment reactance and 

changing the reactance of the adjustment reactance by the adjustment reactance in 

accordance with the instruction value. 
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23. The plasma processing method according to any one of claims 18 to 21, 

wherein the high-frequency power supply can change a frequency of the high 

frequency, and the adjustment step comprises supplying an instruction value used 

to control a frequency of the high-frequency power supply to the high-frequency 

power supply such that the relationship is adjusted by changing the frequency. 

24. A program configured to cause a computer to execute a plasma 

processing method of any one of claims 18 to 21. 

25. A memory medium storing a program configured to cause a computer to 

execute a plasma processing method of any one of claims 18 to 21. 

26. A plasma processing apparatus comprising: 

 an impedance matching circuit; 

 a balun including a first unbalanced terminal connected to the impedance 

matching circuit, a grounded second unbalanced terminal, a first balanced 

terminal, and a second balanced terminal; 

 a grounded vacuum container; 

 a first electrode electrically connected to the first balanced terminal; 

 a second electrode electrically connected to the second balanced 

terminal; 

 an adjustment reactance configured to affect a relationship between a 

first voltage applied to the first electrode and a second voltage applied to the 

second electrode; 

 a high-frequency power supply configured to supply a high frequency 

between the first unbalanced terminal and the second unbalanced terminal via the 

impedance matching circuit; and 

 a measurement unit configured to measure a voltage of the first electrode 

and a voltage of the second electrode, 

 wherein the first electrode is configured to hold a first target, the second 
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electrode is configured to hold a second target, the first electrode faces a space on 

a side of a substrate as a processing target via the first target, and the second 

electrode faces the space via the second target, 

 wherein the adjustment reactance includes capacitance arranged on a path 

that connects the first electrode and ground, and capacitance arranged on a path 

that connects the second electrode and the ground, and 

 wherein a reactance of the adjustment reactance is adjusted based on the 

voltage of the first electrode and the voltage of the second electrode, which are 

measured by the measurement unit. 

27. The plasma processing apparatus according to claim 26, wherein the 

adjustment reactance includes a variable inductor and a variable capacitor. 

 

 


